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Abstract 

Low-grade gliomas are a group of primary brain tumours that commonly 

(>80%) result in cognitive impairment due to the disease and/or the 

associated treatments. However, the variability in cognitive function between 

individuals and across domains is marked. A number of factors have been 

studied as putative influences on cognition in this population, but study 

findings to date have been conflicting and the identified influences do not 

fully account for the variability seen in clinical practice. To this end, the first 

aim of this body of work was to perform and describe a systematic review of 

the literature in order to fully understand the scope of putative influences on 

cognition in patients with brain tumours and to identify any corresponding 

gaps. A second systematic review was performed to evaluate interventional 

studies attempting to prevent or ameliorate cognitive dysfunction in patients 

with brain tumours, in order to shed light on possible pathophysiological 

mechanisms. The first review confirmed the aforementioned conflicting 

findings in the literature, but indicated a number of relatively neglected 

potential influences on cognition; this laid the foundation for an empirical 

study in 21 patients with WHO grade II diffuse low-grade glioma (mean 57.5 

[standard deviation 24.8] months following diagnosis) that evaluated a broad 

range of educational, socioeconomic, clinical, demographic, imaging, and 

genetic variables, as well as estimated premorbid intelligence, as potential 

influences on cognitive variability. The findings provide further evidence to 

support previously suggested influences on cognition in patien ts with brain 

tumours. The work also highlights the complexity of the underlying 

mechanisms as well as some of the challenges of performing studies in this 

clinical population, and provides recommendations for future work in the 

field. 
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Impact Statement 

The research described in this thesis concerns itself with the study of low-

grade glioma and the findings could benefit patients, clinical practice, and 

academia, as will now be explained.  

 

Two systematic reviews conducted as part of the thesis have been published 

in the peer-reviewed literature as open-access publications, ensuring their 

accessibility to the scientific community and any other interested parties. The 

systematic review reported in Chapter 2 provides, for the first time, a 

comprehensive overview of putative influences on cognition in patients with 

brain tumours. Numerous potential influences on cognition were identified, 

although many of the 142 included studies suffered from heterogeneity in 

methodologies and results. Relatively understudied areas in glioma worthy of 

further attentionðincluding education, socioeconomic factors, and brain 

reserveðwere noted and evaluated in the empirical studies described later 

in the thesis, also serving as a call-to-action for other researchers. In addition 

to representing a reference point for researchers in the field, the chapter (and 

corresponding publication) includes a checklist of recommended minimum 

reporting information for future studies in order to improve the quality of 

research into influences on cognition in glioma. 

 

Chapter 3 of the thesis describes a second systematic review that evaluated 

studies reporting interventions designed for the amelioration or prevention of 

cognitive impairment in patients with brain tumours. Across 35 studies, a 

range of interventions were found to be associated with positive effects on 

cognition. Similar to the systematic review reported in Chapter 2, there were 

methodological limitations in the identified studies, and issues to be 

addressed in future interventional trials were highlighted, including the 

durability of any proposed cognitive benefits of interventions, and the need 

for larger studies with greater collaboration between centres and 

standardisation of methods and outcome assessments.  
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Chapters 4ï6 of the thesis describe empirical studies to identify putative 

contributions to cognitive outcome variability in patients with low-grade 

glioma. Of the numerous variables studied, lower age and higher premorbid 

IQ were identified as being significantly associated with superior 

performance in a measure of crystallised intelligence. This knowledge could 

be used by clinicians to predictðat the point of diagnosisðwhich patients 

with low-grade glioma are at higher risk of cognitive dysfunction. Transition to 

a less advantaged socioeconomic group following diagnosis was identified in 

40% of participants, indicative of the profound impact of low-grade glioma on 

the individual and their family. Emotional well-being was particularly impaired 

in the study population, and lower quality of life was significantly associated 

with lower scores in a measure of fluid intelligence. Taken together, these 

findings highlight the need to appropriately support patients diagnosed with 

low-grade glioma, and particularly those withðor at risk ofðimpaired 

cognition. Challenges to performing research in clinical populations were 

identified, particularly during the genetic analyses described in Chapter 6. 

Large, multi-centre studies could address limitations such as inadequate 

statistical power and realise the ultimate goal: to discover novel insights into 

the influences on cognition in low-grade glioma, allowing targeted 

interventions to treat or prevent cognitive impairment.  
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1 Chapter 1: Introduction 

1.1 An overview of gliomas 

Gliomas are tumours that arise in the glial cells of the central nervous 

system, which are non-neuronal cells that maintain homeostasis and provide 

support and protection for neurons. As the most frequent type of primary 

brain tumour (i.e., a tumour that has not spread from elsewhere) in adults 

(Wanis et al., 2021), gliomas have an age-adjusted annual incidence of 7.3 

cases per 100,000 person-years according to one Danish registry study 

(Rasmussen et al., 2017). Although hereditary forms of glioma exist, these 

are relatively uncommon and the vast majority of patients with glioma (>90%) 

have no family history of the condition (Weller et al., 2024). Gliomas are 

classified by the World Health Organization (WHO) into grades I to IV; grade 

I and II gliomas are commonly referred to as ólow-gradeô gliomas (LGGs), 

and grades III and IV as óhigh-gradeô gliomas (HGGs). However, this is a 

rather oversimplified classification as several subtypes exist (Molinaro et al., 

2019), and the classification is continually being updated, most recently in 

the 2021 WHO classification (Louis et al., 2021). The mean age at onset of 

glioma is age-dependent, being 39, 46, 56, and 64 years for grade I, II, III, 

and IV, respectively, and the majority of patients with glioma (85%) have 

HGGs (Rasmussen et al., 2017). Survival time is markedly better for patients 

with LGGs than those with HGGs, although a proportion of LGGs ótransformô 

into HGGs over time, even with aggressive treatment approaches. This 

transformation is characteristic of WHO grade II diffuse LGGs, the group of 

tumours that formed the basis of the empirical studies described later in this 

thesis. 

 

Treatment options for patients with gliomas depend on several factors, 

including clinical factors (such as patient age, tumour type/grade, and size as 

well as location of the tumour) and patient preferences, but can include 

surgery, chemotherapy, and/or radiotherapy. Surgical approaches to brain 

tumours range from obtaining a small sample of tissue for diagnostic biopsy 

through to complete (or even supratotal) resection, and the approach chosen 

for a patient is contingent on many factors including the surgeonôs 
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preference, patient demographics and wishes, and other clinical as well as 

treatment factors.  

 

Improvements in survival among patients with gliomas that are apparent from 

clinical trials published in the last 10ï15 years (Buckner et al., 2016; 

Cairncross et al., 2013; M. J. Van Den Bent et al., 2013, 2017) have 

resultedðat least in partðfrom advances in treatments and treatment 

protocols. However, the oncological treatments used to treat patients with 

brain tumours have long been recognised to result in a number of adverse 

consequences, including effects on an individualôs cognition, personal life, 

and socioeconomic status (Awwad et al., 1990), all of which can directly 

affect their quality of life. Given that patients with LGGs are living longer 

overall, it is particularly important that measures are taken to address the 

factors, such as impaired cognition, that affect quality of life in survivors. 

 

 

1.2 Cognitive outcomes in patients with gliomas 

Individuals living with, and following treatment of, LGGs and other brain 

tumours are commonly affected by a range of cognitive impairments 

involving executive function, memory, attention, and social/emotional 

functioning (Nwachukwu et al., 2015; Racine et al., 2015; Satoer et al., 2014; 

Talacchi et al., 2011; M. Van Den Bent et al., 2011; Van Kessel et al., 2017; 

Wefel et al., 2016) that have a profound impact on their quality of life (Noll et 

al., 2017) and that of their families (Janda et al., 2007). As a result, cognitive 

dysfunction has become an important outcome measure in treatment trials 

for brain tumours; for example, in a randomised, double-blind, placebo-

controlled trial evaluating the effect of a chemotherapeutic agent 

(bevacizumab) on survival and disease progression in patients with  

glioblastoma, a type of HGG, the drug was associated with longer 

progression-free survival but a greater cognitive decline (Gilbert et al., 2014). 

This emphasises the importance of a holistic approach to the evaluation of 

outcome measures in treatment trials for gliomas.  
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The reported prevalence of cognitive impairment in patients with LGG varies 

widely across studies. Prior to any treatment, 31.1% of patients with LGG 

experience cognitive impairment (Van Kessel et al., 2017) and, following 

surgery, up to 83% remain impaired cognitively or decline further (Boone et 

al., 2016; Duffau, 2018; Van Kessel et al., 2017; van Loon et al., 2015). 

Baseline cognitive function prior to radiotherapy, assessed through the 

MMSE, has been shown to be a prognostic factor in patients with LGG 

(Brown et al., 2004). Deterioration in cognitive function is also known to 

precede imaging markers of disease progression in patients with low-grade 

brain tumours including LGG (Armstrong et al., 2003), suggesting that 

cognitive function provides an important way to monitor disease progression 

patients with brain tumours. However, cognitive problems are not always 

evident to healthcare staff, with patients often appearing to be cognitively 

ónormalô in formal clinical settings (E. Davies et al., 2003), particularly when 

reviewed for a brief period of time as is usually the case in an outpatient 

clinic. Furthermore, despite the fact that many patients with LGG are 

reported to be leading a ónormal lifeô, cognitive deficits can be found in over 

80% of these patients (Klein et al., 2012; Moritz-Gasser et al., 2012; Teixidor 

et al., 2007). These seemingly occult cognitive impairments restrict 

opportunities for the appropriate and timely provision of cognitive 

rehabilitation and support services. 

 

 

1.3 Factors influencing cognitive outcomes in patients with glioma 

There are several factors postulated to influence cognitive outcomes in 

patients with gliomas and other brain tumours, including biophysical aspects 

of the tumour and its associated treatments (Esposito et al., 2012; Harris et 

al., 2014; Kesler et al., 2017; Stoecklein et al., 2020; Wefel et al., 2004, 

2016). However, as will be elucidated on in the next chapter, evidence 

relating to many of these factors is conflicting and does not fully explain the 

variation in cognitive outcomes seen both in the literatureðsome of which 

may be due to methodological differences between studiesðand in the 
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clinic. Some conflicting findings may reflect the complexity of the relationship 

between different variables and cognitive outcomes. For example, tumours 

located in brain regions not subserving cognitive functions can still be 

associated with cognitive dysfunction due to several reasons, including the 

administration of chemotherapy and radiotherapy. Younger patients with 

brain tumours appear to have better cognitive outcomes than their older 

counterparts (Gehring et al., 2010). This may be due to increased brain 

reserve in younger individuals, and the concepts of brain reserve and 

cognitive reserve are discussed in Section 1.4.2, below. 

 

Premorbid education and socioeconomic factors could be associated with 

cognitive outcome variability in patients with LGG, but there is a paucity of 

evidence for or against this. Instead, almost all literature evaluating 

education and socioeconomic factors in patients with brain tumours has 

focused on the role of the tumour and/or its treatment in childhood on 

subsequent educational attainment and socioeconomic status (SES). For 

example, survivors of childhood central nervous system tumours with more 

cognitive impairment have been shown to go on to have significantly lower 

educational attainment, lower household income, and less full-time 

employment (Ellenberg et al., 2009). Furthermore, there is evidence that 

higher SES, evaluated through a measure incorporating parental occupation, 

education, and marital status, is associated with significantly higher 

intelligence quotient (IQ), reading, math, attention, and adaptive function in 

paediatric brain tumour patients prior to photon radiotherapy treatment 

(Torres et al., 2021). This study also found higher SES was associated with 

less decline in IQ, reading, and math scores over time, and SES provided a 

greater contribution to reading and math scores than sex or age at 

radiotherapy treatment (Torres et al., 2021). However, if and how premorbid 

educational attainment and socioeconomic status influence cognitive 

recovery from brain tumours diagnosed in adulthood is unclear.  

 

To more fully understand the influences on cognitive outcomes in patients 

with gliomas, it is helpful to look at data from the general population and 

other non-brain tumour populations; genetic and environmental factors that 
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influence cognition in the general population should also influence cognition 

in patients with brain tumours, even though this may be to a different degree 

and involve interactions with brain tumour or treatment-related factors not 

applicable to the general population. Various influences on cognition in the 

general population are now discussed, followed by a summary of the chapter 

and an outline of the remainder of the thesis. 

 

 

1.4 Influences on cognitive outcomes in the general population 

Cognitive abilities vary widely across the general population, and the rate at 

which cognitive function declines with increasing age also shows marked 

variation (Gow et al., 2011). Several studies with differing methodologies 

have been used to evaluate the potential contributors to cognitive outcomes 

in the general population, with several notable findings. For example, 

differences in cognitive function in older age appear to be largely predictable 

through differences in intelligence during childhood, as shown through data 

from the Lothian Birth Cohort studies (Corley et al., 2018). In addition, it has 

been suggested that at least half of the variance in intelligence observed 

between individuals is stable across the majority of a humanôs lifetime 

(Deary, 2014). These findings have important implications for patients with 

brain tumours. Stability in inter-individual cognitive outcome variability over 

time suggests that any changes seen in cognitive function in patients with 

brain tumours over time are more likely to be due to tumour-related factors, 

such as the effects of treatments administered, than to other factors such as 

genetics, to which the discussion now turns. 

 

 

1.4.1 Genetic factors and cognitive ability 

Genetic factors have been widely studied as a contributor to cognition in the 

general population. How could genetics influence cognition? A large body of 

neuroimaging evidence indicates that the blueprint for the organisation of the 

adult human brain is present from the neonatal period (Keunen et al., 2017), 

and pre-natal imaging indicates that some distinct attributes of human brain 
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architecture are present from as early as 24 weeks post-conception 

(Thomason et al., 2013, 2014, 2015). Thus variability in brain structure, while 

also influenced by environmental factors (Tooley et al., 2021), must have an 

inherent genetic contribution. It can therefore be followed that, given the 

widely reported association between brain structure and cognition  (Deary et 

al., 2022; Thompson et al., 2001) (but acknowledging replicability issues 

identified in many brain structureïbehaviour studies (Genon et al., 2022)), 

genetics exerts influence on cognitionðat least in partðthrough inter-

individual variability in brain structure. 

 

Regarding human traits in the broadest sense, there has been much debate 

and controversy over the relative contribution and specific nature of the 

influence of genes and the environment. However, a meta-analysis of 17,804 

traits from 2,748 publications including over 14 million twin pairs has shown 

that most correlations seen in traits associated with twin semblance can be 

explained by additive genetic variation alone, with little influence from shared 

environment or non-additive genetic variation (Polderman et al., 2015). 

Additive genetic variation refers to a deviation from the mean phenotype due 

to inheritance of a particular allele and that alleleôs relative effect on 

phenotype relative to the mean phenotype of the population, whereas non-

additive genetic variation is the result of interactions between genes either at 

the same locus (referred to as dominance) or different loci (epistasis). For 

the trait of intelligence, defined as ógeneral cognitive abilityô, twin studies 

have suggested that heritability increases linearly with age, from 

approximately 20% in infancy to 80% in later adulthood, with a proposed 

mechanism of this increase being that of genetic amplification, whereby 

small genetic differences are enlarged through children selecting, modifying, 

and creating environments correlated with their genetic propensities (Plomin 

& Deary, 2015).  

 

Advances in molecular genetic methods have facilitated the development of 

other techniques to evaluate the heritability of cognitive function, ranging 

from candidate gene association (CGA) studies of single genes to genome-

wide association studies (GWASs). Both CGA studies and GWASs rely on 
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the evaluation of single-nucleotide polymorphisms (SNPs). SNPs are 

variations in a single nucleotide (A, C, G, or T) that occur at a specific point 

in the genome. The variations usually exist in two different forms (for 

example, C/T or G/A) referred to as alleles.  

 

CGA studies involve the evaluation of associations between pre-specified 

genes of interest and phenotypes or disease states. The gene most widely 

studied in the context of cognitive function in health and disease is the 

apolipoprotein E (ApoE) gene, which produces a protein that combines with 

fat to produce the lipoprotein ApoE. This protein is involved in cholesterol 

transport and clearance, as well as cerebral white matter properties and 

processes related to myelin, the latter of which contains a high density of 

cholesterol (Westlye et al., 2012). There are four allelic variants of the ApoE 

gene (Ů1ï4), and the ApoE-Ů4 allele has been linked to variation in cognitive 

abilities in the general population associated with different ages and between 

individuals of the same age across multiple studies, accounting for 

approximately 1ï2% of such variance (Deary et al., 2002, 2004; Luciano, 

Gow, Harris, et al., 2009; Luciano, Gow, Taylor, et al., 2009; Ritchie et al., 

2016; Schiepers et al., 2012). The ApoE-Ů4 allele has also been associated 

with age-related brain structural changes (Ritchie et al., 2017) and the 

development of Alzheimerôs disease (Serrano-Pozo et al., 2021). It has been 

estimated that common SNPs in a number of genes account for about 30% 

of the inter-individual variation in human intelligence, with each individual 

SNP having a small effect (Deary, 2010; Plomin & Deary, 2015). Thus, 

although there is a large body of evidence supporting the relationship 

between the ApoE-Ů4 allele and cognitive abilities, this allele falls far short of 

single-handedly explaining the variation in cognitive function observed in the 

general population.  

 

By exploring genotypeïphenotype associations through testing for 

differences in the allele frequencies of many genetic variants simultaneously, 

GWASs attempt to address the limitations of individual CGA studies. 

Although GWASs have been successful in estimating SNP-based heritability 

and in using summary GWAS data to predict cognitive phenotypes in 
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independent samples (G. Davies et al., 2015), they have been less 

successful in identifying specific genetic variants that cause inter-individual 

variability in cognition. GWASs often incorporate educational attainment as a 

proxy measure of cognitive performance, due to strong phenotypic and 

genetic correlations of the two (Calvin et al., 2012; Krapohl & Plomin, 2016; 

Marioni et al., 2014) and the fact that cognitive performance is strongly 

genetically influenced and affects educational attainment (Rietveld et al., 

2014). Furthermore, GWASs with much larger sample sizes are available for 

the educational attainment phenotype (J. J. Lee et al., 2018; Okbay et al., 

2016, 2022; Rietveld et al., 2013, 2014) as óyears of educationôða common 

marker of educational attainmentðis routinely collected in almost all GWASs 

(Plomin & von Stumm, 2018). Table 1-1 and Table 1-2 summarise data from 

key GWASs for cognitive performance and educational attainment 

phenotypes, respectively. 

 

GWAS data allow the derivation of polygenic indices, which are summations 

of an individualôs risk variants for a phenotype such as educational 

attainment, weighted by the effect sizes of SNPs from independent, large-

scale discovery GWAS. Polygenic indices based on educational attainment 

explain a much larger proportion of variance compared to IQ polygenic 

indices (Plomin & von Stumm, 2018), likely because of the increased 

statistical power resulting from the much larger sample sizes associated with 

educational attainment GWASs. The positive association between GWAS 

sample size and polygenic index predictive ability is demonstrated in Table 

1-2 for the educational attainment phenotype. 
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Table 1-1: Summary of selected GWASs evaluating cognitive performance 

Reference  n Cognitive tests administered  Relevant findings  

G. Davies et al., 

2015 

53,9491 A range of  measures including the Moray House Test, 

Ravenôs Standard Progressive Matrices, Logical Memory, 

Verbal Fluency, Wechsler Adult Intelligence Scale, Digit 

Symbol Coding, and Auditory Verbal Learning Test. 

Three signif icant genomic regions, closest to the 

ApoE/TOMM40, AKAP6, and MIR2113 genes. 

Ibrahim-Verbaas 

et al., 2016 

32,0701 

21,0802 

Trail Making Test parts A and B, the Letter Digit 

Substitution Test, the Digit Symbol Substitution Task, 

semantic and phonemic f luency tests, and the Stroop 

Colour and Word Test. 

One genome-wide signif icant region near the 

CADM2 gene. 

Debette et al., 

2015 

29,0761 

15,9892 

Paragraph and word list delayed recall tests. Three genome-wide signif icant hits near the ApoE 

gene as well as genes associated with the immune 

response and ubiquitin pathways. 

G. Davies et al., 

2016 

112,1511 Verbal-numerical reasoning, memory, and reaction time. Genome-wide signif icant SNP-based associations 

in 20 genomic regions, and signif icant gene-based 

f indings in 46 regions; this includes f indings 

associated with the ATXN2, CYP2DG, APBA1, and 

CADM2 genes. 

G. Davies et al., 

2014 

3,5111  

1,3672  

A range of  measures including the Moray House Test, 

Ravenôs Standard Progressive Matrices, Logical Memory, 

Verbal Fluency, Wechsler Adult Intelligence Scale, Digit 

Symbol Coding, Uses of  Common Objects, and Auditory 

Verbal Learning Test. 

The ApoE region was found to be signif icantly 

associated with nonpathological cognitive ageing. 

Sniekers et al., 

2017 

78,3081 

196,1312  

óIntelligenceô was the outcome measure. A range of  

measures including the Moray House Test, composite IQ 

score, Wechsler Intelligence Scale for Children, and 

Wechsler Adult Intelligence Scale. For the replication 

sample, data on educational attainment f rom another 

GWAS (Okbay et al., 2016) was used as a proxy for 

intelligence. 

In total, 336 SNPs associated with intelligence were 

identif ied in 18 genomic loci. Approximately half  of  

the SNPs were located inside a gene, with 22 

genes implicated. Gene-based analyses identif ied 

an additional 30 genes.  

1 Discovery sample size; 2 Target/replication sample size. Not all studies included a target/replication sample. 
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Table 1-2: Summary of selected GWASs primarily evaluating educational attainment  

Reference  n Measure of educational attainment  / cognitive 

performance studied  and other relevant 

methodological details  

Relevant findings  

Rietveld et al., 

2013 - known as 

óEA1ô 

101,0691 

25,4902 

 

Two educational attainment measures studied: 

- Quantitative variable: years of  schooling. 

- Binary variable: college completion. 

 

Cognitive function was also measured using the 

Swedish Enlistment Battery in a smaller subset of  

male individuals f rom one sample (n=1,419). 

Three independent, genome-wide signif icant SNPs were 

identif ied for educational attainment (rs9320913, 

rs11584700, and rs4851266). All three SNPs replicated in 

the replication sample. The estimated ef fect sizes were 

small, corresponding to approximately 1 month of  

schooling per allele. A linear polygenic index derived f rom 

all measured SNPs accounted for ~2% of  the variance in 

both educational attainment and cognitive function. 

Rietveld et al., 

20143 

106,7361 

 

Quantitative educational attainment variable: years 

of  schooling. 

 

Sixty-nine education-associated, independent SNPs 

were evaluated for their association with cognitive 

performance evaluated through various cognitive 

tests in 24,189 individuals.  

Three education-associated SNPs (rs1487441, 

rs7923609, and rs2721173) were signif icantly associated 

with cognitive performance. A polygenic index derived 

f rom education-associated SNPs was associated with 

memory and absence of  dementia in an independent 

sample of  8,652 older Americans; four genes were 

implicated (KNCMA1, NRXN1, POU2F3, and SCRT). 

Okbay et al., 

2016 - óEA2ô 

293,7231 

111,3492 

Quantitative educational attainment variable: years 

of  schooling completed. 

 

A mediation analysis, performed using a subset of  

data (n=13,921), evaluated whether cognitive 

performance (evaluated using the Swedish 

Enlistment Battery or a collection of  immediate and 

delayed word recall, counting, naming, and 

vocabulary tasks) mediated the relationship 

between the derived polygenic index and years of  

schooling completed. 

Seventy-four genome-wide signif icant loci were 

associated with years of  schooling completed. 

Furthermore, SNPs associated with educational 

attainment were over-represented in genomic regions 

regulating gene expression in the foetal brain. The mean 

predictive power of  the polygenic index derived f rom all 

measured SNPs was 3.2%. In the mediation analysis, 

cognitive performance accounted for 23ï42% of  the 

association between the polygenic index and years of  

schooling completed (P < 0.001). 

J. J. Lee et al., 

2018 - óEA3ô 

1,131,8814 Quantitative educational attainment variable: years 

of  schooling completed. 

 

In total, 1,271 independent SNPs were identif ied. Joint 

(multi-phenotype) analysis of  the educational attainment, 

cognitive performance, self -reported math ability, and 

hardest math class completed phenotypes resulted in the 
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An additional GWAS was performed for the 

phenotypes of  cognitive performance (n=257,841), 

self -reported math ability (n=564,698), and highest 

math class taken (n=430,445). The cognitive 

performance measure was derived f rom various 

cognitive tests administered in two cohorts, 

whereas the two mathematics-related measures 

were each based on self -responses to a single 

question in data f rom 23andMe. 

 

creation of  polygenic indices that explain 11ï13% and 7ï

10% of  the variance in educational attainment and 

cognitive performance, respectively.  

Okbay et al., 

2022 - óEA4ô 

3,037,4995 Quantitative educational attainment variable: years 

of  schooling completed. 

 

To evaluate the component of  predictive power that 

was due to direct genetic ef fects, i.e., the causal 

effects of the individualôs genetic material on that 

same individual, parental educational attainment 

polygenic indices were controlled for.  

 

The predictive power of  the polygenic index created 

f rom the GWAS based on years of  schooling 

completed for the cognitive performance phenotype 

was evaluated in three cohorts (n=24,891). The 

cognitive tests administered varied across the three 

cohorts, but included tests of  verbal cognition and 

overall cognition.  

There were 3,952 uncorrelated SNPs identif ied with 

genome-wide signif icance. The variation in educational 

attainment explained by the derived polygenic index was 

12ï16%. The same polygenic index predicted 3ï9% of  

variation in cognitive performance. Controlling for the 

parental educational attainment polygenic indices resulted 

in an approximate halving of  the association between the 

educational attainment polygenic index and phenotype. To 

contrast, controlling for the parental cognitive performance 

polygenic index had a much lower impact on their 

associations with the cognitive performance phenotype. 

Accordingly, 30.9% and 67.9% of  the phenotypic variance 

was explained by direct genetic ef fects for the educational 

attainment and cognitive performance polygenic indices, 

respectively. 

1 Discovery sample size; 2 Replication sample size; 3 This study was based on the same data and analysis protocol as the EA1 study; 4 The sample in this study 
comprised the combined discovery and replication sample (n=405,073 in total) of the EA2 study with a new sample in an independent cohort of individuals whose 
data did not contribute to the 2016 study (n=726,808); 5 The sample in this study comprised a subset of data from the EA3 study (n=324,162) with new data 
(n=2,713,337). Not all studies included a replication sample. 
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As shown in Table 1-2, even with the statistical power resulting from a 

GWAS sample size of over 3 million individuals, the 12ï16% predictive ability 

for educational attainment of the polygenic index described in the EA4 study 

falls far short of the estimated heritability of educational attainment, which is 

approximately 40% (Branigan et al., 2013). This discrepancy, known as 

ómissing heritabilityô (Thomas et al., 2015), may arise in part due to a failure 

to account for sequence variants within parental genomes that, while not 

transmitted to a child, still exert an effect on that child through their impact on 

their parents and other relatives. This ógenetic nurtureô effect has been 

demonstrated for educational attainment in a study of 21,637 individuals that 

had at least one parent genotyped, where a polygenic index created based 

on the nontransmitted alleles had an effect that was 29.9% of the polygenic 

index created based on transmitted alleles (Kong et al., 2018). Thus, parentï

child similarities may not only be due to shared genes but also because the 

parentsô genes affect the behaviours/traits of the same parents, which then 

affect the children indirectly.  

 

The interplay between genes and the environment is complicated. A recent 

study investigated gene-environment correlations and gene-environment 

interactions through jointly analysing multiple genome-wide polygenic indices 

and multiple environmental measures as predictors of educational 

achievement (Allegrini et al., 2020). The study found that a model based on 

all genetic factors and environmental factors predicted 36% of the variance in 

educational achievement, and that 40% of the effects of polygenic indices on 

educational achievement were mediated by environmental effects; notably, 

there was no evidence of gene-environment interaction effects contributing to 

the prediction of educational achievement, unlike gene-environment 

correlations that were widespread (Allegrini et al., 2020). Thus, the effects of 

polygenic indices and environmental factors should not be assumed to 

summate independently in proposed causal pathways, due to the pervasive 

nature of gene-environment correlations.  

 

The relative contribution of genetics to cognition is dependent on the 

environment, and the amount of variation in the environment is currently 
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much smaller than it was even as recent as 40ï60 years ago. This was 

eloquently demonstrated in an analysis of data from the Millennium Cohort 

Study, a national birth cohort study of 19,517 children born in the UK 

between 2000 and 2001 (Sullivan et al., 2021). The study found large 

vocabulary gaps between highly and less educated parents of children 

included in the study, gaps that were far wider than those observed in the 

children themselves. In the presence of small environmental variation, the 

contribution of the environment to individual variation is attenuated, leaving 

genetic influences to have a relatively larger influence. Thus, genetic and 

environmental influences on cognition should be discussed in relative rather 

than absolute terms (Thomas et al., 2015), although in the scientific literature 

they are often not. 

 

How could the above GWAS results benefit patients with LGG? GWASs are 

observational in nature, and correlations do not necessarily imply causation. 

Furthermore, no interventions to directly address implicated genetic variants 

currently exist. However, the results of the genetic studies cited above 

should not be interpreted as meaning that an individualôs cognitive outcome 

is pre-determined and ófixedô, in health or in disease. Putative genetic effects 

on cognition could theoretically be ameliorated by modifications to the 

environment at the individual or societal level. While GWAS data on its own 

has limited applicability at the individual level, derivation of a polygenic index 

from GWAS summary data could address this. For example, analysis of a 

DNA sample taken at the time of an individualôs LGG diagnosis could 

generate a personalised polygenic index value to predict their risk of 

developing cognitive impairment (and perhaps indicating the most óat-riskô 

cognitive domains). Imagine, then, the possibility of providing individualised, 

targeted, and preventive interventions to maximise that personôs cognitive 

outcomes. Currently, of course, we are a long way from realising such a 

goal. But the effects of genetics on cognition could be indexed by the 

heritability of brain or cognitive reserve, which may offer additional avenues 

for intervention. With this in mind, the attention now turns to the concepts of 

brain and cognitive reserve. 
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1.4.2 Brain and cognitive reserve 

Several studies have investigated reserve in both health and disease. The 

concept of reserve against brain damage arose from the observation that 

there does not appear to be a direct relationship between the degree of brain 

damage and the clinical manifestation of that damage. This observation has 

been made in a number of clinical entities, but most of the recent literature 

relates to dementia. For example, up to one-quarter of patients who meet the 

pathological criteria for Alzheimerôs disease have normal neuropsychological 

test results (Neuropathology Group of the Medical Research Council 

Cognitive Function and Aging Study, 2001). There are a plethora of studies 

indicating that a set of life experiences, including socioeconomic status, 

educational attainment, occupational experience, and leisure activities, are 

associated with a reduced risk of developing dementia (Fotenos et al., 2008; 

Scarmeas et al., 2001; Stern et al., 1994; Valenzuela & Sachdev, 2006; Xu 

et al., 2015) as well as a slower rate of memory decline as part of the normal 

ageing process (Chodosh et al., 2002; Manly et al., 2003). Furthermore, 

education and other life experiences appear to be associated with reserve 

over and above innate intelligence (Stern, 2002).  

 

A range of study designs and investigative tools have been used to explore 

the relationship between disease and life experiences. Imaging studies have 

quantified the amount of blood flowing to regions of the brain  while at rest 

(resting regional cerebral blood flow, rCBF) in individuals with Alzheimerôs 

disease in order to use the measure as a surrogate for Alzheimerôs disease 

pathology; rCBF has an inverse relationship with Alzheimerôs disease 

pathology. Controlling for Alzheimerôs disease severity, these studies have 

found negative correlations between rCBF and years of education  (Stern et 

al., 1992) and occupational attainment (even after controlling for educational 

attainment) (Stern, Alexander, et al., 1995; Stern, Tang, et al., 1995). Other 

imaging biomarkers have also been used. For example, a study evaluating 

the rate of regional glucose utilisation in the brains of patients with another 

type of dementia (frontotemporal dementia) using positron emission 

tomography imaging found focal abnormalities in glucose utilisation were 

related to lifelong occupation characteristics (Spreng et al., 2011). In another 
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study, older adults underwent annual cognitive testing followed by brain 

autopsy at the time of death, finding that for the same extent of Alzheimerôs 

disease pathology identified at autopsy, better cognitive function was 

observed with each year of education (Bennett et al., 2003). 

 

Brain reserve and cognitive reserve are concepts that have been used to 

explain the variability in outcomes alluded to above. They are now defined 

and described in further detail.  

 

Brain reserve has been defined in terms of individual differences in the brain 

itself that allow some individuals to cope better than others with a given 

pathology; the differences may be quantifiable, such as brain volume or the 

number of neurons or synapses (Stern, 2009). Furthermore, life experience 

can influence the anatomical make-up of the brain through processes such 

as neurogenesis, angiogenesis, promotion of resistance to apoptotic cell 

death, and the upregulation of compounds that promote neural plasticity 

(Stern, 2009). Several studies have provided evidence supporting the brain 

reserve hypothesis; for example, it has been shown that individuals with a 

larger intracranial volume (Mori et al., 1997), head circumference (Schofield 

et al., 1997), or brain weight with a larger number of neurons (Katzman et al., 

1988) are less likely to develop dementia. The size of the corpus callosum in 

the brain has been shown to be associated with variability in reaction times in 

individuals with mild cognitive disorders but not in those with normal ageing; 

the authors of this study concluded that biological limits on reserve capacity 

must therefore occur in mild cognitive disorders that result in stronger brain -

behaviour relationships being observed (Anstey, Mack, et al., 2007). Grey 

matter brain volume, as determined using magnetic resonance imaging 

(MRI) and corrected for brain atrophy, also appears to predict executive 

functioning in elderly individuals (Laubach et al., 2018). Total brain volume is 

associated with declines in global cognition, information processing, and 

motor speed (Vibha et al., 2018), and a meta-analysis of 88 studies including 

over 8,000 individuals confirmed a positive association between brain 

volume and IQ that generalises over age, IQ domain, and sex (Pietschnig et 

al., 2015). 
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Cognitive reserve, on the other hand, has been defined in terms of individual 

differences in the processing of tasks that allow some to cope with brain 

pathology better than others (Stern, 2009); this type of reserve has been 

further sub-classified into neural reserve and neural compensation. Neural 

reserve refers to inter-individual variability in the brain networks/cognitive 

paradigms that underlie performance in tasks in the healthy brain. This 

variability could be in efficiency, capacity, or flexibility, and the implication is 

that those with more efficient, capacious, and/or flexible brains are more able 

to cope with the disruption imposed by brain pathology. Neural compensation 

instead refers to inter-individual variability in the ability to compensate for the 

disruption of standard processing networks, caused by brain pathology, 

using brain structures or networks not normally used by individuals with 

óintactô brains. This compensation may help maintain or even improve 

performance (Stern, 2009). Although mainly studied in the context of healthy 

ageing, neurodegenerative disorders, and traumatic brain injury, the 

applications of the theory of cognitive reserve are broad and wide; for 

example, cognitive reserve has been used to explain an identified 

relationship between active bilingualism and a delayed onset of mild 

cognitive impairment (Calabria et al., 2020), and the association between 

high levels of education and an attenuated decline in attention, speed, and 

memory performance in patients with multiple sclerosis (Sumowski et al., 

2014). 

 

The distinction between brain reserve and cognitive reserve is complicated 

because: (i) the inter-individual differences in cognitive processing depicted 

by the cognitive reserve model must have a biophysiological basis, perhaps 

related to synaptic organisation or relative utilisation of specific brain regions, 

that influences the brain networks; and (ii) factors associated with increased 

cognitive reserve, such as cognitively stimulating experiences, have a direct 

effect on the brain (Stern, 2009). In support of the latter point, there is 

evidence that several factors including exercise, diet, and social interactions 

influence neurogenesis in the hippocampus (Kuipers et al., 2014; Toda et al., 

2019; Valero et al., 2016), which has a critical role in learning and memory. 

Thus, cognitive reserve as a theory must account for geneïenvironment 
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interactions to be considered a viable explanation for inter-individual 

differences in cognitive performance. The interaction between brain reserve 

and cognitive reserve in determining cognitive performance is likely to be 

complex, whether studied in health (Persson et al., 2016) or disease (Groot 

et al., 2018), and in reality they are highly related concepts with an element 

of overlap.  

 

However, the way the concepts of brain reserve and cognitive reserve are 

operationalised and quantified differ. Whereas brain reserve can be 

quantified using anatomical measures such as brain volume, synaptic count, 

or dendritic branching, cognitive reserve is often described in terms of proxy 

measures such as educational attainment, socioeconomic status (including 

income and occupation), and participation in leisure and/or cognitively 

stimulating activities. Cognitive reserve can be conceptualised in multiple 

ways; it can refer to a higher premorbid cognitive level, or alternatively to a 

less steep decline in cognition. The most commonly used proxy measure of 

cognitive reserve in the literature is the number of years of formal education. 

Cognitive reserve and socioeconomic status are closely linked to each other 

and to years of education (Fotenos et al., 2008). A higher SES could result in 

better access to resources that increase an individualôs cognitive reserve. 

Cognitive reserve is unlikely to be fixed over oneôs lifetime and instead is 

likely to reflect a combination of exposures at any point in time. It has been 

shown in a prospective study that estimated IQ at the age of 53 is influenced 

separately by childhood cognition, educational attainment, and adult 

occupation (Richards & Sacker, 2003). 

 

The clinical relevance of cognitive reserve centres on the fact that it may 

represent a route through which to intervene and increase cognitive reserve 

and thus slow the effects of advancing age or specific pathologies. 

Furthermore, there is evidence to suggest that cognitive reserve continues to 

develop throughout life, raising the possibility of using late-stage 

interventions to attempt to enhance cognitive reserve and mitigate the effects 

of brain injury (Tucker & Stern, 2011). However, the evidence from studies 

performed to date appears to indicate that any benefits from cognitive 
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training translate only to the task that was used in the training itself, and are 

not generalisable to other tasks or behaviours (Stern, 2009). 

 

Most of the evidence relating to the influence of cognitive reserve on 

cognitive performance in neurological conditions has focused on diffuse 

lesions associated with degenerative conditions. Cognitive reserve may not 

have the same beneficial neuroprotective effect in focal lesions, particularly 

lesions such as stroke (Nunnari et al., 2014) or high-grade brain tumours, 

such as HGG, associated with a more rapid onset and thus less opportunity 

for plasticity and functional reorganisation than may be expected in healthy 

and pathological ageing (N. S. Ryan & Rossor, 2011). Although education 

level has been shown to be associated with cognitive impairment following 

stroke, a meta-analysis of 21 studies including 7,770 patients found that the 

overall effect size was small (0.25; 95% confidence interval: 0.19ï0.31) and 

analysis of a dataset of young stroke patients found that the education 

effects were fully mediated by age, even in relatively young stroke patients 

(Kessels et al., 2017). These data corroborate previous criticisms relating to 

the use of education as a proxy measure of cognitive reserve (Arcara et al., 

2017; Jones et al., 2011).  

 

Only a few studies have evaluated the role of cognitive reserve on cognitive 

performance in patients with LGG, and these are described in the next 

chapter of this thesis. Patients with brain tumours represent an interesting 

but complicated study population for brain and cognitive reserve, as the 

effects of (surgical and non-surgical) treatments can influence the 

biophysical structure of the brain, and hence influence brain reserve, but also 

influence neural compensation and task processing, and thus cognitive 

reserve, too. Also complicated is the study of educational attainment and 

SES, which are now discussed in the context of the general population. 
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1.4.3 Educational attainment and socioeconomic status 

Longitudinal cohort studies have been used to evaluate the role of education 

and SES on cognitive abilities in the general population. Education is thought 

to boost cognitive reserve (Tucker & Stern, 2011) and length of education 

has been shown to be associated with general cognitive abilities in later life 

(Ritchie et al., 2016). Socioeconomic variables associated with lower 

intelligence test scores in youth, including low parental SES, low maternal 

nutrition, maternal smoking, and perinatal nutrition , are all associated with 

maternal intelligence; these associations may therefore be at least in part 

accounted for by the genetic link between mother and child (Deary, Der, et 

al., 2005; Raikkonen et al., 2009; Shenkin et al., 2004), although they could 

equally be accounted for by a shared environment.  

 

It has been proposed that parents transmit genetic variants associated with 

intelligence and with aspects of the socioeconomic environment to their 

children (Deary, 2010; Hill et al., 2016; Marioni et al., 2014), although this is 

not universally accepted. There is a school of thought that an individualôs 

social background (including the parental or environmental circumstances) 

may provide opportunities for educational and occupational attainment, but 

that childhood SES in isolation does not have a strong association with 

cognitive decline in later life (Johnson et al., 2010; Ritchie et al., 2016); 

instead, variables reflecting personal life historyðsuch as education and 

occupational attainmentðand the action (or inaction) that an individual takes 

to embrace (or not) the opportunities for education and occupational 

attainment provided by their social background, may have greater effects on 

cognitive abilities in later life than early life social milieu per se (Johnson et 

al., 2010). Childhood intelligence has been shown to be the strongest direct 

contributor to intelligence later in life, over and above educational attainment 

and adult occupation (Richards & Sacker, 2003), but it may also contribute 

directly to an individualôs access to education and an appropriate job, the 

typical indicators of SES (Deary, Taylor, et al., 2005).  

 

There has been some uncertainty about whether identified associations 

between childhood socioeconomic position and cognitive function in later life 
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represent a direct relationship or instead an indirect relationship mediated by 

modifiable factors such as educational attainment and occupation. To 

address this, a recent study combined data from three ongoing British birth 

cohorts (1946 National Survey of Health and Development, n=2,283; 1958 

National Child Development Study, n=9,385; and the 1970 British Cohort 

Study, n=7,631) to evaluate the association between childhood 

socioeconomic position and mid-life cognitive function through childhood 

cognitive ability, educational attainment, and mid-life occupation (McElroy et 

al., 2021). The study found that no direct pathways were observed between 

childhood socioeconomic position and mid-life cognitive function across any 

of the three cohorts. Instead, the relationship between childhood 

socioeconomic position and mid-life cognitive function was fully mediated by 

childhood cognitive ability, educational attainment, and occupational status. 

An additional interesting observation from this study was that the association 

between early cognitive abilities and mid-life cognitive function has 

decreased in younger generations, the implication thus being that cognitive 

function in adulthood is influenced by modifiable factors and societal 

changes.  

 

Occupational complexity has been shown to be positively associated with 

better cognitive performance at the age of 70, even after adjusting for 

relevant factors such as education levels and social deprivation (Smart et al., 

2014), but this relationship has not been demonstrated in other studies 

(Finkel et al., 2009; Gow et al., 2014). Although more stimulating 

environments may be associated with preservation of cognitive ability in later 

life, the engagement in such complex and intellectually stimulating activities 

may be a result of individual differences in prior cognitive ability (Gow et al., 

2012), highlighting the complexity of any relationships. 

 

In the search for a neuroanatomical substrate driving effects of SES and 

educational attainment, a number of imaging studies have been performed. 

Neuroanatomical differences between children living in poverty and those not 

living in poverty have been identified, but it is unclear whether these 

differences influence, or are the result of, SES. The most compelling and 
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consistent neuroanatomical finding is of reduced hippocampal volume 

among children living in poverty (Hanson et al., 2011; Luby et al., 2013) or 

children from families with less education (Noble et al., 2015), which is often 

used as a proxy measure of socioeconomic status. Income has been shown 

to be associated logarithmically with cortical surface area, and the 

relationship between income and brain surface area in one study was more 

prominent among children from lower income families and in areas of the 

brain involved in language, reading, executive functions, and spatial skills 

(Noble et al., 2015). A systematic review of 71 articles evaluating the 

relationship between SES and neuroimaging correlates identified relatively 

consistent positive associations between SES and the volume as well as 

cortical surface area of the frontal regions, and amygdala, hippocampal, and 

striatal volume (Rakesh & Whittle, 2021). Although limited longitudinal data 

were identified, there was an indication that SES is associated with 

developmental trajectories in grey matter structure. In addition, there was 

some evidence to indicate that higher SES was associated with increased 

fractional anisotropy of some white matter tracts. The systematic review also 

evaluated evidence for an association between SES and brain function, 

finding considerable heterogeneity in study methodologies but some 

evidence of an association between low SES and alterations in neural 

responses to emotionally salient stimuli, reward, and alterations in activation 

of regions associated with working memory (Rakesh & Whittle, 2021). 

 

Exactly when differences in brain growth among children from low and high 

SES families begin to appear is somewhat unclear, but evidence suggests 

that such differences are present during the toddler years (Hanson et al., 

2013). Differences in the brain structure between children from different 

socioeconomic backgrounds appear to be relevant to educational 

performance, with one study finding up to 20% of the variation in 

performance in test scores in children and adolescents aged 4ï22 years 

were associated with frontotemporal maturational lags (Hair et al., 2015). 

 

What underlies the association between poverty and the anatomical 

differences found in the above studies is unclear. Poverty-related changes 
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may reflect higher stress levels in the home environment, poor nutrition, or 

fewer opportunities for enrichment. Irrespective of the underlying aetiology, 

the potential value of identifying structural brain changes is that they can 

potentially serve as biomarkers or surrogate endpoints to evaluate the 

success of a given intervention. However, further work would be required to 

elucidate whether such structural changes are reversible and, if they are, 

whether such reversal results in a meaningful improvement in outcomes for 

that individual. The issue of causation and association is also something that 

requires elucidating, and this is only possible through an intervention trial, 

which would have clear ethical implications. Neurocomputational studies 

have explored the associations between SES-linked environmental variables 

and cognitive and brain development, demonstrating the theoretical potential 

for behavioural interventions to improve outcomes by reducing SES-induced 

differences without a marked effect on structural indices (Thomas & Coecke, 

2023). 

 

 

1.4.4 Lifestyle 

A number of lifestyle and other factors have been reported to influence 

cognitive outcomes, including tobacco consumption (Anstey, Von Sanden, et 

al., 2007), physical fitness (Gow et al., 2012, 2017; Sofi et al., 2011), alcohol 

consumption (with higher alcohol intake associated with better cognitive 

performance) (Corley et al., 2011), dietary intake (Loef & Walach, 2012), 

bilingualism (Bak et al., 2014), and loneliness (Gow et al., 2007). However, 

there is no robust evidence to indicate that targeting any of these variables 

results in improved cognition, and a public health policy promoting alcohol 

consumption to improve cognition would be controversial at best.  

 

 

1.4.5 Age 

Age is one of the most widely studied influences on cognition in the general 

population (Deary et al., 2009; T. A. Salthouse, 2009; Verhaeghen & 

Salthouse, 1997; Zimmerman et al., 2021), but its relationship with cognition 
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is complicated and dependent on the cognitive domain under evaluation. 

Performance in domains associated with fluid intelligence such as 

processing speed tend to decline earlier and more prominently with age in 

comparison to performance during knowledge-based testing (characteristic 

of crystallised intelligence), which tends to decline less with age (T. 

Salthouse, 2004) and, in healthy populations, typically peaks around the 

seventh decade of life before declining (T. Salthouse, 2012). 

 

 

1.5 Summary and overview of the remainder of the thesis 

This chapter has provided an introduction to gliomas and a brief commentary 

regarding the influences on cognitive outcomes in this pathology, prior to 

providing a summary of literature exploring influences on cognition in the 

general population as well as in pathologies other than LGG. It can be seen 

from a large number of studies utilising a wide range of methodological 

approaches that there has been great interest in the identification of 

biomarkers of cognitive function in the general population. However, this rich 

landscape of data raises many questions as part of the search for influences 

on cognitive outcomes in LGG. For example, what range of factors have 

been investigated as influences on cognitive outcomes in patients with LGG? 

Is the ApoE-Ů4 allele associated with cognitive variability in patients with 

LGG, as it is in the general population and patients with Alzheimerôs 

disease? Can a polygenic index derived from GWAS data predict cognitive 

outcome variability in patients with LGG? Do differences in brain or cognitive 

reserve influence cognitive outcomes in LGG? What about the influence of 

educational attainment, socioeconomic status, lifestyle, and 

clinicodemographic variables including age?  

 

To achieve the aim of addressing these and other questions, the remainder 

of this thesis is structured as follows. Chapter 2 will describe a systematic 

literature review designed to provide a comprehensive overview of the 

potential contributors to cognitive dysfunction in patients with brain tumours, 

deliberately expanding the scope beyond LGG to avoid missing important 
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findings, as many studies incorporated multiple brain tumour groups. In 

Chapter 3, a different systematic literature review will evaluate the types and 

effects of interventions designed to ameliorate or prevent cognitive 

impairments in patients with brain tumours; a greater understanding of the 

efficacy of various interventions for cognitive impairment could shed further 

light on the mechanisms driving the variability in cognitive outcomes in this 

patient group. 

 

Armed with the knowledge gained from these systematic reviews, Chapter 4 

will describe an empirical study performed in 21 participants with LGG 

combining questionnaire, cognitive testing, and medical record data to 

investigate potential contributors to cognitive outcome variability, including 

educational, socioeconomic, and clinicodemographic factors as well as 

estimated premorbid intelligence. The chapter will also provide data on 

quality of life, to evaluate whether it is associated with the other measures 

evaluated in the study including cognition, as well as data on personality 

type, to investigate whether personality trait differences are associated with 

quality of life.  

 

Using imaging data obtained through routine clinical care in the same 21 

individuals to derive markers of brain reserve and lesion burden 

(incorporating tumour volume), Chapter 5 will report on the relationship 

between these markers and cognitive impairment as well as clinical, 

demographic, socioeconomic, and quality of life factors, and estimated 

premorbid intelligence. To explore genetic associations with cognitive 

outcome variability, Chapter 6 describes analyses performed on DNA 

material obtained from saliva samples in 17 of the 21 participants. The 

analyses include a CGA study and the derivation of polygenic indices from 

large, published GWAS data to predict cognitive performance and 

educational attainment in the 17 participants. Bringing all of the above 

together, Chapter 7 will provide a summary and discussion of the findings 

from all of these chapters, finishing with a conclusion and recommendation of 

future research directions.  
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2 Chapter 2: A systematic literature review of influences 

on cognition in patients with brain tumours 

2.1 Introduction 

This chapter presents the findings of a systematic literature review that 

aimed to explore the factors influencing cognitive outcomes in patients with 

LGG. In particular, it was hoped that the systematic review would provide a 

comprehensive, unified overview of the literature and identify tumour-, 

treatment-, and patient-related factors.  

 

Note that the text, figures, and tables in this chapter and appendices 1, 2, 

and 4 have been previously published in an open-access journal where 

copyright was retained by the authors, including myself (M. A. Kirkman et al., 

2022). The full reference to the manuscript is provided in the reference list of 

this thesis. Regarding contributions to the work described in this chapter in 

addition to the supervisory support provided by my PhD supervisors, 

Benjamin H M Hunn and myself independently screened the same abstracts 

of articles identified through the systematic literature review to minimise the 

risk of incorrectly including or excluding an article, and we discussed 

disagreements to reach a consensus. The remainder of the work described 

in this chapter, including the data extraction and analysis, was performed by 

myself. 

 

 

2.2 Approval 

The protocol for the systematic review was reviewed and approved (approval 

number: CRD42017072976) by the International Prospective Register of 

Systematic Reviews (PROSPERO) (M. Kirkman et al., 2017).  

 

 

2.3 Data sources and search strategy 

The methods used in this systematic review were prespecified and are 

presented in accordance with the 2020 Preferred Reporting Items for 
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Systematic Reviews and Meta-Analyses (PRISMA) guidelines (M. J. Page et 

al., 2021). A literature search was performed using the electronic databases 

of Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed 

Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) (1946 to Present 

[April 2018]), PsycINFO (1806 to April Week 1 2018), and PsycTESTS (1910 

to March 2018). A top-up search was subsequently performed with the same 

databases: Ovid MEDLINE(R) Epub Ahead of Print, In -Process & Other Non-

Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) (1946 to 

September 24, 2021), PsycINFO (1806 to September Week 3 2021), and 

PsycTESTS (1910 to September 2021), with a filter for articles published 

from 2018 onwards. Medical Subject Heading (MeSH) terms (Appendix 1) 

were used to ensure the search was as comprehensive as possible. The 

search strategy that was created combined the three broad content areas of 

brain tumour, cognition, and outcome/recovery/plasticity (Appendix 2). These 

three content areas were combined using the Boolean operator ñandò. 

Reference lists of identified studies were also reviewed to identify additional 

relevant studies. 

 

 

2.4 Inclusion criteria 

To be eligible for inclusion in this systematic review, the manuscripts 

identified had to: report primary data; include adult patients with gliomas; and 

be published in English language. Although the focus of this systematic 

review was on patients with gliomas, the search strategy (Appendix 2) was 

deliberately broad to include a range of brain tumours in order to ensure all 

studies incorporating patients with gliomas were identified, including studies 

with mixed pathologies (different types of brain tumours or brain tumour and 

non-brain tumour pathologies, for example).  

 

 

2.5 Exclusion criteria 

The following search results were excluded from the systematic review: 
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¶ Review papers, including systematic reviews, meta-analyses, and 

narrative reviews 

¶ Single patient case reports (case series or case studies with more than 

one patient were included) 

¶ Animal or experimental studies 

¶ Dissertation abstracts 

¶ Book chapters or books 

¶ Studies focusing on children, without a predominantly adult population 

 

Note that the same literature search strategy described above was used to 

identify the studies reported in the next chapter of this thesis, which focuses 

on interventional studies designed to evaluate the delivery of specific 

interventions aiming to treat or ameliorate cognitive dysfunction, with such 

interventions not comprising solely of variations in oncological treatments. 

Accordingly, to avoid duplication across the two systematic reviews 

performed and presented in this chapter and Chapter 3, in addition to the 

above exclusion criteria, any studies that described interventions designed to 

specifically target cognition (amelioration or prevention studies) were 

óexcludedô from discussion in this chapter as they are reviewed separately in 

Chapter 3. Studies that described the cognitive effects of variations in 

oncological treatments (such as varying radiotherapy dosages or differing 

combinations of chemotherapy and radiotherapy) were included in the 

current chapter. 

 

 

2.6 Screening process 

Manuscript titles were initially screened by myself to identify potentially 

relevant articles. Then, the abstracts of the studies shortlisted through title 

screening were screened independently by myself and another medically 

qualified researcher (Benjamin H M Hunn) to identify relevant studies. Where 

ambiguity regarding eligibility persisted, the full article was reviewed by both 

parties and disagreements were resolved by consensus. 
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2.7 Data extraction process 

Data from studies meeting the inclusion criteria were extracted using a 

standardised data extraction proforma and critically appraised. The relevant 

information extracted from the manuscripts included: study setting; study 

population, participant demographics and baseline characteristics; study 

methodology; recruitment and study completion rates; outcomes and 

measurement timepoints.  

 

 

2.8 Synthesis methods 

Due to the wide variations in study design and outcome measures among 

the identified studies, it was not possible to perform a meta-analysis. Instead, 

a narrative synthesis method was adopted to summarise and interpret the 

findings of the identified studies, similar to the approach described by Popay 

et al. (2006). This involved the development of a preliminary synthesis, an 

exploration of the relationships within and between included studies, and the 

categorisation and grouping of results according to themes where possible; 

for example, tumour-related and patient-specific factors were considered 

together under the respective headings, as indicated in the text that follows. 

Due to the aforementioned heterogeneity in studies and thus limited 

comparability, as well as the sheer number of studies included in this 

systematic review, detailed information regarding the statistical results for 

each study have not been provided. 

 

 

2.9 Results 

2.9.1 Selected articles 

The search strategy identified 9,998 articles (Figure 2-1). After excluding 

duplicates and articles not published in the English language, 9,460 articles 

remained for title screening; of these, 2,812 articles were selected for 

abstract review. There was agreement in the decision for inclusion/exclusion 

among 2,518 (89.54%) of the 2,812 articles identified through the search 
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strategy at the abstract screening stage, with a resulting kappa statistic of 

agreement of 0.781 (95% confidence interval=0.757ï0.804), which can be 

defined as ósubstantial agreementô (Landis & Koch, 1977). There was 

disagreement on inclusion/exclusion of 294 of the studies. After a consensus 

meeting, 228 of these 294 studies were included for full-text review. The 

other researcher and myself and agreed, after abstract review, on the full-

text review of 1,173 articles identified by the search strategy, and an 

additional 39 articles were identified from other sources. Following full-text 

review, a total of 142 manuscripts met the pre-specified inclusion/exclusion 

criteria and are discussed in this chapter. More information about the 

screening process is shown in Appendix 3, and a flow chart of the selection 

process is shown in Figure 2-1, below. Appendix 4 provides a summary of 

the included studies.  
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Figure 2-1: Flow diagram for the systematic review of influences in cognitive outcomes in brain 
tumours  
As noted in the óreasons for exclusionô box, 21 studies were excluded as they were intervention 
studies; these studies, which describe the delivery of interventions specifically targeting the 
amelioration or prevention of cognitive dysfunction that are not variations in oncological treatments, are 
reviewed in the next chapter of this thesis (see section 2.5, above, for further details) 

 

 

2.9.2 Characteristics of included studies and study settings 

An overview of the identified studies is shown in Table 2-1, below. 
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Table 2-1: Summary of identified studies for the systematic review on influences in cognitive outcomes 
in brain tumours 

Study characteristics  N 

 142 

Study design   
- Randomised controlled trial, including secondary analyses of  data collected as 
part of  a randomised controlled trial 

7 

- Prospective non-randomised study 85 
- Retrospective study 28 
- Mixed prospective and retrospective 1 

- Cross-sectional study 1 

- Case series 2 
- Not specif ied 18 
  

Location of study authors   
- North America 33 
- Europe* 72 

- Asia 14 
- UK 5 
- More than one continent 15 

- Australia 1 
- Middle East 2 
  

Decade study published   
- 2020 onwards 38 
- 2010ï2019 66 

- 2000ï2009 30 
- 1990ï1999 8 

*Turkey has been included in Europe in this table 

 

The majority of studies were authored by researchers either solely based in 

Europe (n=72, 50.7%) or North America (n=33; 23.2%), and 15 (10.6%) were 

authored by researchers from more than one continent. Most studies were 

published since the year 2000 (between 2000 and 2009: n=30, 21.1%; 

between 2010 and 2019: n=66, 46.5%; 2020 onwards: n=38, 26.8%). 

 

There was a paucity of studies identified evaluating the role of environmental 

and demographic factors on cognitive outcomes in patients with glioma; the 

overwhelming majority of studies focused on clinical factors. 

 

 

2.9.3 Study quality and level of evidence 

The majority of included studies were prospective non-randomised studies 

(n=85, 59.9%). There were also 7 (4.9%) randomised controlled trials (RCT) 

or studies presenting secondary analyses of RCT data identified; these 

studies largely evaluated the effects of variations in oncological treatments 
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on cognitive outcomes, and 5 of the 7 studies were secondary analyses of 

RCT data. The study design was not clear or specified in 18 (12.7%) studies. 

 

 

2.9.4 Data synthesis 

2.9.4.1 Tumour-related factors 

The identified studies found wide variability in the reported effects of tumour-

related factors on cognitive outcomes in patients with gliomas. Anatomical 

location of the tumour was an important influence on cognitive outcomes in 

some studies (Antonsson, Jakola, et al., 2018; Antonsson, Johansson, et al., 

2018; Arbula et al., 2020; Bette et al., 2020; Fang et al., 2014; Goldstein et 

al., 2003; Irle et al., 1994; Kaleita et al., 2004; Kessels, 2000; Latini et al., 

2021; Mattavelli et al., 2019; Owen et al., 1996; Scarone et al., 2009), but not 

in others (Campanella et al., 2017; Hoffermann et al., 2017; Laack et al., 

2005; Romero-Garcia et al., 2022; Satoer et al., 2014, 2018). Although most 

of the studies providing evidence for and against a role of anatomical 

location on cognitive outcomes were prospective cohort studies (some study 

designs in both groups were not specified), the neutral studies were fewer 

and tended to have smaller numbers of participants. Tumour location was 

shown to selectively influence the likelihood of developing deficits in some 

but not other cognitive domains (Nakajima et al., 2019), and in another study 

predicted spontaneous speech deficits and naming scores in patients with 

HGG but not LGG (Zhang et al., 2021); the authors of the latter study 

hypothesised that this implied large functional reorganisation occurs in LGG, 

highlighting the relevance of glioma grade to macrostructural plasticity 

mechanisms modulating brain-behaviour relationships.  

 

In addition to the specific lobe affected, tumour laterality has been shown to 

influence cognitive outcomes. Many studies have shown that tumours or 

interventions involving the right cerebral hemisphere (which is the non-

dominant hemisphere in relation to language function for the majority of the 

population, including most left hand-dominant individuals) are associated 

with a lower risk of cognitive impairment (Klein et al., 2001; Mattavelli et al., 



 60 

2019; Noll et al., 2017; Raysi Dehcordi et al., 2013; Sherman et al., 2016; 

Vilkki et al., 2002; Vogt et al., 2018; Y. Wang et al., 2021; Zarino et al., 

2021), sometimes irrespective of the exact location of the tumour within the 

hemisphere (Yoshii et al., 2008). Other studies have shown that the cognitive 

effects of tumour laterality depend on the cognitive modality under 

assessment (Barzilai et al., 2019; Blonski et al., 2012; A. Hansen et al., 

2021; Mandonnet, 2019; Van Kessel et al., 2019). Some studies have shown 

tumour laterality to not influence cognitive outcomes, or that left-hemisphere 

interventions consistently induce cognitive decline (Campanella et al., 2017; 

Rijnen et al., 2020; Vendrell et al., 1995). Some evidence indicates right-

sided pathology increases vulnerability to cognitive impairment. In one study 

of 59 patients with high- and low-grade gliomas that underwent 

neuropsychological assessment before and one year after surgery, the brain 

regions most vulnerable to cognitive decline after surgery were found in the 

right cerebral hemisphere (Hendriks et al., 2018); in this study, the most 

commonly affected cognitive domains were attention and information 

processing speed. One prospective study of LGG patients found that, 

although those with left-hemisphere tumours were more impaired in verbal 

measures at baseline than those with right-hemisphere tumours, they 

demonstrated greater improvement in verbal memory over the five-year 

follow-up period of the study (Sherman et al., 2016). One study of 66 patients 

with gliomas who underwent awake craniotomies found visuospatial 

cognitive deficits persisted in 14.3% of patients with right-sided lesions, and 

recovered fully in all patients with left-sided lesions (Nakajima et al., 2019), 

which is unsurprising given the established association between unilateral 

spatial neglect and right-hemisphere lesions (Lunven & Bartolomeo, 2017). 

Despite the conflicting nature of some of the above findings, overall tumour 

laterality appears to be important in cognitive outcomes. 

 

Tumour size or volume evaluated on imaging has been shown in some 

studies to influence cognitive outcomes (Ng et al., 2021; Talacchi et al., 

2011; Van Kessel et al., 2019), and particularly for tumours affecting the 

frontal, temporal, and parietal lobes (Irle et al., 1994; Raysi Dehcordi et al., 

2013), but some studies have found no effect of tumour volume on 
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neurocognitive functioning (Barzilai et al., 2019; Brown et al., 2003; 

Campanella et al., 2017; Noll et al., 2016; Romero-Garcia et al., 2022; 

Satoer et al., 2014; Zarino et al., 2021; Zhang et al., 2021). The role of 

tumour size may depend on the underlying genetic make-up of the tumour. 

One study found an inverse relationship between neurocognitive function 

and tumour volume in patients with isocitrate dehydrogenase 1 (IDH1) wild 

type but not mutant tumours (Wefel et al., 2016); IDH1 is a gene which codes 

for an enzyme involved in metabolic processes and, when mutated, is 

associated with a more favourable prognosis relative to IDH1 wild-type 

glioma tumours (S. Han et al., 2020). Overall, most of the evidence is against 

a role of tumour volume on cognition, and most studies arriving at this 

conclusion were prospective in design, including one randomised trial 

(n=187). To contrast, two of the three studies supporting a role for tumour 

volume in cognition were retrospective in design (Ng et al., 2021; Van Kessel 

et al., 2019), although one of these had a large sample size (n=780) (Van 

Kessel et al., 2019). Invasiveness of a tumour determined using MRI has 

also been shown to be associated with neurocognitive functioning (Latini et 

al., 2021). 

 

The role of tumour grade on cognitive outcomes is unclear, with evidence for 

(Bette et al., 2020; Campanella et al., 2018; Coĸman et al., 2019; Costello et 

al., 2004; Noll et al., 2015; Santini et al., 2012; Talacchi et al., 2011; Van 

Kessel et al., 2019; Yuan et al., 2020; Zhang et al., 2021) and against 

(Boone et al., 2016; Ng et al., 2021; Noll et al., 2016; Pallud & Dezamis, 

2017; Satoer et al., 2018; Yoshii et al., 2008) a relationship. Both sides 

comprise of mostly prospective studies, with no clear superiority in study 

quality, although overall there is more evidence for than against an influence 

of tumour grade on cognitive outcomes. One study found differences in pre-

operative neurocognitive function according to glioma grade (with higher 

grade tumours associated with worse cognition) even when controlling for 

MRI-determined tumour volumes (Noll et al., 2015). There is some evidence 

that tumour grade is associated with cognitive outcomes for some but not all 

cognitive domains (Nakajima et al., 2019). HGG has been shown to be 

associated with lower language scores and more language and cingulo-
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opercular/fronto-parietal network disruptions prior to treatment compared to 

LGG (Yuan et al., 2020). In another study, HGG was associated with 

significantly worse language impairment than LGG, even when controlling for 

variables such age, sex, education, and tumour volume (Zhang et al., 2021). 

In a prospective study of 16 patients (half with high-grade brain tumours and 

half with low-grade brain tumours), all but one of whom received 

radiotherapy, compared to a ócontrolô group of eight patients with ónon-

malignantô brain tumours (meningiomas) who did not receive radiotherapy, 

there was a differential pattern of cognitive performance observed between 

the low- and high-grade brain tumour groups following radiotherapy; the low-

grade tumour group's performance was superior across all five main 

neuropsychological measures, and their pattern of improvement was similar 

to that of the non-malignant brain tumour group that had not received 

radiotherapy (Costello et al., 2004). Other studies have found patients with 

HGG more likely to improve in relation to neurocognitive functioning following 

surgery compared to those with LGG (Santini et al., 2012; Talacchi et al., 

2011). This may be because patients with HGG have had little time for 

functional brain reorganisation, and thus their recovery may be facilitated by 

removal of the physical tumour, whereas in LGG functional reorganisation 

may have already taken place with some functions being subserved by other 

brain regions or networks. This notion is supported by the results of a study 

of 119 patients with malignant gliomas that compared neurocognitive 

performance according to IDH1 mutation status (Wefel et al., 2016); IDH1 

wild-type tumours, which are generally more aggressive and grow faster than 

IDH1 mutant tumours, were associated with reduced neurocognitive function 

compared to IDH1 mutant tumours. 

 

Tumour biology, including associated molecular and histopathological 

profiles, has been shown to influence cognitive outcomes in some studies of 

patients with glioma (Barzilai et al., 2019; Van Kessel, Berendsen, et al., 

2022; Van Kessel et al., 2019; Wefel et al., 2016), but not in others 

(Nakajima et al., 2019; Ng et al., 2021); all of these studies were 

retrospective, although the evidence supporting a role for tumour biology in 

cognitive outcomes included larger populations (n=168 (Van Kessel et al., 
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2019) and n=197 (Van Kessel, Berendsen, et al., 2022)) albeit from the 

same research group. Such discrepancies may result from differences in the 

specific tumour biological characteristics studied as well as the 

methodological differences between studies. One study evaluated the 

relationship between cognitive performance (through assessment of 

executive function, memory, and psychomotor speed) and intratumoural 

expression levels of molecular markers in patients with diffuse glioma prior to 

treatment; after accounting for tumour volume and location, significant 

associations were identified between expression levels of CD3 and IDH1 and 

psychomotor speed, as well as between IDH1, ATRX, NLGN3, BDNF, 

CK2Beta, EAAT1, GAT-3, SRF, and memory performance, and between 

IDH1, P-STAT5b, NLGN3, CK2Beta, and executive functioning (Van Kessel, 

Berendsen, et al., 2022). There were also independent associations 

identified between P-STAT5b, CD163, CD3 and Semaphorin-3A after 

correcting for histopathological grade. The authors concluded that variations 

in glioma biology can influence cognitive function through mechanisms that 

include disturbed neuronal communication.  

 

 

2.9.4.2 Patient-specific factors 

There are a range of patient-specific factors that have been shown to 

influence cognitive performance in patients with brain tumours, including 

basic demographics such as age (Giovagnoli et al., 2007; Kaleita et al., 

2004; MacPherson et al., 2017, 2020), although some have found age to not 

influence cognitive outcomes (Allen et al., 2020; Brown et al., 2003; Laack et 

al., 2005); all of these studies were prospective and, although the studies 

supporting a role of age were generally larger, one study providing evidence 

against a role of age was a randomised controlled trial (n=187) (Brown et al., 

2003). There is wide variability in language localisation between individuals 

(Sanai et al., 2008), which means that a tumour located in a specific 

anatomical location may have different effects across the population. This 

may explain why not all patients with tumours in areas of the brain deemed 

ócriticalô for language have cognitive disturbance (Satoer et al., 2017). Other 



 64 

factors that influence study results have been identified; for example, in a 

study of 20 adult LGG patients who underwent tests of writing fluency and 

oral lexical retrieval, typing speed accounted for some of the differences 

observed between the LGG patients preoperatively and a reference group of 

31 individuals without neurological disease (Antonsson, Johansson, et al., 

2018). Poor performance in timed tasks among patients with HGG has been 

found to be largely attributable to the presence of visual and motor deficits 

(Klein et al., 2001). Low thyroid hormone levels (hypothyroidism) are known 

to affect cognition in the general population, and a prospective analysis of 

230 patients with a range of primary brain tumours, including meningioma, 

LGG, HGG, pituitary adenoma, and acoustic neuroma, found low levels of 

the thyroid hormone tri-iodothyronine to be common (74%) and associated 

with lower Mini-Mental State Examination (MMSE) scores (Bunevicius et al., 

2017). A patientôs performance (functional) status may also be a risk factor 

for postoperative cognitive dysfunction (Bette et al., 2020). Female sex has 

been shown to be associated with better language performance immediately 

after surgery, as well as a faster recovery, but at one year after surgery 

scores were comparable (Rossi et al., 2020). 

 

Baseline cognitive status (that is, an individualôs cognitive ability at the time 

of glioma diagnosis or prior to commencing treatment) is also important in 

predicting outcomes of treatment (Chapman et al., 2016; Giovagnoli et al., 

2007; Nakajima et al., 2017), and is likely to at least in part reflect earlier 

influences such as education, socioeconomic status, and cognitive reserve 

(discussed later). In a prospective study of 27 patients with a range of low-

grade brain tumours, including pituitary tumours, meningiomas, and LGGs, 

diffusion tensor imaging (DTI) metrics were used along with a range of 

cognitive tests to correlate with cognitive performance assessed prior to 

starting radiotherapy as well as six and 18 months later (Chapman et al., 

2016); in multivariate analysis, the only clinical variable that predicted 

changes in verbal memory was baseline neurocognitive score, with most 

improvement in verbal memory score observed in those with worse baseline 

cognition. No clinical variable was able to predict verbal fluency changes. In 

another study including 24 patients with temporal lobe epilepsy associated 
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with low-grade brain tumours (gliomas and other tumours) and 36 healthy 

controls, preoperative memory test scores were the most important 

contributor to postoperative memory test scores, other relevant factors 

including laterality of the surgery, age, and education (Giovagnoli et al., 

2007). Another prospective study of 9 HGG and 9 LGG patients found that 

patients with preoperative neurocognitive dysfunction tended to have 

persistent cognitive deficits, and that visuospatial dysfunction often persisted 

until the chronic phase of the disease (Nakajima et al., 2017). 

 

Changes to the white matter tracts of the brain, as determined through 

fractional anisotropy on DTI, appear to correlate with cognitive test results 

(Incekara et al., 2019) and lateralization of the arcuate fasciculus appears to 

predict language deficits in patients with brain tumours (Jehna et al., 2017). 

Increased radial diffusion on DTI in the parahippocampal cingulum white 

matter at the end of radiotherapy has been shown to significantly predict 

decline in verbal fluency 18 months following radiotherapy in patients with a 

range of low-grade brain tumours (Chapman et al., 2016). Differences in the 

functional networks of a patientôs brain also appear to be important in 

cognitive outcomes in LGG patients; for example, differences in functional 

connectivity between key regions of the frontoparietal network are associated 

with cognitive performance in patients with gliomas, and are associated with 

cognitive outcomes following surgery (Lang et al., 2017). In patients with 

unilateral temporal glioma, intrinsic regional activity in the contralesional 

hippocampus and parahippocampal regions, determined using resting state 

functional MRI (fMRI), has been shown to negatively correlate with 

visuospatial scores but not other cognitive measures (D. Liu et al., 2021). In 

a magnetoencephalography (MEG) study of glioma patients with epilepsy, 

network characteristics correlated with clinical presentation in relation to 

seizure frequency in LGG patients and with poorer cognitive performance in 

both LGG and HGG patients; more specifically, decreased synchronisability 

and decreased global integration in the theta band were associated with the 

occurrence of seizures and cognitive decline (Van Dellen et al., 2012). 
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2.9.4.3 Surgery and extent of resection 

Studies have been conflicting in relation to the findings of the effect of 

surgery on cognition. This is probably at least in part due to the complex 

interaction between surgery and other relevant variables, particularly tumour 

location, in modulating cognitive outcomes; from a statistical perspective, the 

surgical procedure (including the surgical approaches and goals) is likely to 

depend on the anatomical and other clinical properties of the tumour as well 

as surgeon and patient preferences, and thus surgery and other variables 

are not independent but are instead confounded predictive factors for 

cognitive function in patients with glioma. The conflicting findings are also 

likely to be due to the heterogeneity in cognitive tests used in the different 

studies. Some studies found a deterioration in cognition following surgery 

often with partial or full recovery (or even improvement) in the ensuing 

months (Altieri et al., 2019; Antonsson, Jakola, et al., 2018; V. Braun et al., 

2006; Campanella et al., 2015; Forster et al., 2020; Giovagnoli et al., 2007; 

Hornak, 2003; A. T. Lee et al., 2021; Mattavelli et al., 2019; Nakajima et al., 

2019; Noll et al., 2021; Peper & Irle, 1997; Reijneveld et al., 2001; Rossi et 

al., 2020, 2021; Santini et al., 2012; Satoer et al., 2014; Teixidor et al., 2007; 

Tomasino et al., 2020; Y. Wang et al., 2021; Weniger, 2002; Wolf et al., 

2016; Wu et al., 2011; Zarino et al., 2021), others an improvement in 

cognition (Barzilai et al., 2019; W.-H. Chang et al., 2018; Hoffermann et al., 

2017; Motomura et al., 2018, 2020), and others no effect of surgery at all 

(Boone et al., 2016; Friedman et al., 2003; Hoffermann et al., 2017; Jagaroo 

et al., 2000; Kaleita et al., 2004; Sarubbo et al., 2011) including in both 

languages of bilingual speakers following awake craniotomy with 

intraoperative mapping (Quiñones et al., 2021). One study found selective 

deterioration in specific cognitive domains at 3 and 12 months following 

surgery but no overall cognitive impairment at the group level (Norrelgen et 

al., 2020). Second surgery for recurrent HGG and LGG has been shown to 

be possible without significant cognitive impairment in the months following 

surgery (Capo et al., 2020). Other studies have found a mixed picture of 

some patients experiencing cognitive improvement and others in the same 

study who experience cognitive decline or no change (Hendriks et al., 2018; 

Leroy et al., 2021; Mandonnet et al., 2015; Ng et al., 2021; Romero-Garcia et 
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al., 2022; Satoer et al., 2017; Van Dokkum et al., 2019; Zimmermann et al., 

2020), or improvements in some cognitive domains and deterioration (Racine 

et al., 2015) or no change (Vogt et al., 2018) in others; such a pattern could 

indicate ónoiseô within the cognitive data. The cognitive domain being tested 

is relevant, as shown by one study where a decline in most cognitive 

domains was observed 5 days after surgery compared to pre-operatively, but 

only memory remained impaired 1 month after surgery (Altieri et al., 2019). 

Overall, the data suggest that surgery influences cognition negatively initially 

followed by a recovery over several months in most cases. 

 

Understanding the anatomical substrate driving cognitive changes following 

brain tumour resection has been an area of particular interest. Brain tumours 

and their treatments have been shown to influence brain networks 

fundamental for memory (Romero-Garcia et al., 2022). An inverse 

relationship between neurocognitive function and changes in network 

properties assessed through resting-state fMRI has been shown in a small 

study of patients with gliomas in the left perisylvian region who underwent 

awake tumour resection (Noll et al., 2021). Language function reorganisation 

following surgery has been observed with fMRI and MEG (Zimmermann et 

al., 2020).  

 

Surgery can result in complications, such as stroke, that may contribute to 

cognitive outcomes. A study of 33 LGG patients who underwent 

computerised cognitive testing pre- and 3 months postoperatively found that 

neurocognitive functions were generally stable in those that did and did not 

develop a stroke, except for a decline in verbal rhyming ability in the stroke 

group (Berger et al., 2021). In a series of patients with giant insular gliomas, 

ischaemic insults in eloquent brain regionsðdefined in the study as tracts 

mediating language, cognitive, motor, praxis, or visual functions (Rossi et al., 

2021), although a universal definition of eloquence and its assessment does 

not exist (Rammeloo et al., 2023)ðwere shown to be the leading factor 

associated with long-term neurological and neuropsychological morbidity 

(Rossi et al., 2021). Another study suggested the presence of small infarcts 
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was only associated with a slight decrease in semantic fluency scores four 

months following surgery in patients with gliomas (Loit et al., 2019). 

 

One would expect that the specific surgical approach chosen to remove a 

brain tumour may be an important determinant of cognitive outcomes; for 

example, when attempting to remove a tumour located deep in the brain, one 

may expect worse cognitive outcomes if traversing brain areas considered to 

subserve cognitive functions, although some data indicate this to not appear 

to be the case (Friedman et al., 2003). The unavoidable overlap between 

surgical approach and tumour location can complicate the interpretation of 

study results. Similarly, the extent of tumour resection achieved by surgery 

has been shown in multiple studies to not influence cognitive outcomes 

(Barzilai et al., 2019; Campanella et al., 2017; Klein et al., 2001; Laack et al., 

2005; Ng et al., 2021; Satoer et al., 2014; Talacchi et al., 2011; Yoshii et al., 

2008; Zarino et al., 2021), although one study found higher extent of 

resection to be positively associated with cognitive outcomes (Muto et al., 

2018). One study comparing total to supratotal (i.e., removal of brain tissue 

beyond the tumour borders detectable on imaging) resection in patients with  

radiologically presumed LGGs found that memory, language, and fluid 

intelligence were not influenced by extent of resection, but praxis was better 

in the total resection group immediately after surgery (although this 

difference reversed after 3 months); furthermore, there was a better recovery 

of executive functions in the supratotal resection group (Rossi et al., 2020). 

 

Generally, studies have found varying effects of surgery on different 

cognitive domains; for example, one prospective study of 14 patients who 

underwent surgery for frontal or precentral gliomas found improved verbal 

memory following surgery, but unchanged or worsening visuo-spatial 

performance, and slightly worsened alertness (V. Braun et al., 2006). This 

highlights the importance of a comprehensive battery of neuropsychological 

testing to ensure that all changes in cognitive function are detected.  

 

Particularly for gliomas involving parts of the brain considered important for 

functions such as language, movement, and cognition, awake craniotomies 
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can be performed to enable the surgeon to monitor neurological well-being 

during surgery and prevent complications. Awake surgery with intraoperative 

brain mapping, whereby the surgeon can identify areas of the brain involved 

in specific functions through testing, has been shown to facilitate 

preservation of visuospatial cognition and spatial working memory in patients 

with right frontal gliomas (Nakada et al., 2021). Extensive intraoperative 

mapping for cognitive, visual, and haptic functions in patients with giant 

insular gliomas has been shown to decrease long-term neurological, 

neuropsychological, and quality of life morbidity as well as increasing the 

extent of resection (Rossi et al., 2021). In comparison to tumours in the same 

anatomical regions operated on under general anaesthesia without brain 

mapping, tumours operated on through awake craniotomy with intraoperative 

mapping are associated with better neuropsychological outcomes six months 

following surgery, particularly those located in the parietal and insular lobes 

(Prat-Acín et al., 2021). One study compared rates of permanent surgery-

related language deterioration in patients who underwent an awake 

craniotomy in the presence of a neuropsychologist to those without the 

presence of a neuropsychologist, and found no significant difference (Kelm 

et al., 2017). Another study of intraoperative stimulation mapping during 

awake craniotomy in patients with LGG found its use to be associated with 

slightly worse cognitive performance after surgery (Rijnen et al., 2020), 

despite a similar extent of resection.  

 

 

2.9.4.4 Chemotherapy 

Chemotherapy could have a deleterious effect on cognition through the 

development of acute and chronic encephalopathy (Wefel et al., 2004). 

However, chemotherapy has been shown to have a positive effect on 

cognitive outcomes in some studies (Klein et al., 2021), and no effect in 

others (Boone et al., 2016; Prabhu et al., 2014; Roman-Goldstein et al., 

1995; Satoer et al., 2014). One analysis of RCT data from 251 patients with 

LGG evaluating the effect of adding chemotherapy to radiotherapy treatment 

found no significant increase in cognitive decline with the addition of 
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chemotherapy during the five-year follow-up, but only evaluated cognition 

using the MMSE (Prabhu et al., 2014). 

 

Studies evaluating the effects of chemotherapy on cognitive outcomes in 

patients with LGG are limited by small numbers and the grouping of patients 

who have received multiple types of chemotherapy (with varying 

mechanisms of action) or other treatments (including radiotherapy). For 

example, a small prospective study of 25 patients with LGG found that 

cognitive outcomes were influenced by whether or not oncological treatments 

(chemotherapy and/or radiotherapy) were administered (Correa et al., 2008); 

however, the treatment group (n=16) comprised of patients receiving 

radiotherapy alone (n=5), radiotherapy and carboplatin chemotherapy (n=1), 

or chemotherapy alone (n=3). Larger studies with more homogenous 

treatment populations are needed to fully elucidate the effects of specific 

treatments on cognition in patients with LGG. 

 

 

2.9.4.5 Radiotherapy 

Radiotherapy appears to affect the cerebral vasculature and the white matter 

tracts, resulting in demyelination, vessel wall thickening, and coagulative 

necrosis (Wefel et al., 2004). These changes have been associated with 

cognitive impairment that may be protracted for several years after the 

completion of radiotherapy treatment (Correa et al., 2018; Pulsifer et al., 

2018), and cognitive decline can be noted as early as 18 months after 

radiotherapy treatment for low-grade brain tumours (Chapman et al., 2016). 

There is a clinical spectrum of cognitive deficits following radiotherapy that 

ranges from mild to moderate to dementia, and such deficits occur in at least 

12% of patients treated with cranial radiotherapy (Crossen et al., 1994). 

 

Radiotherapy has been widely shown to negatively influence cognitive 

outcomes in patients with brain tumours (Armstrong et al., 2000, 2002; Bette 

et al., 2020; Correa et al., 2006; Douw et al., 2009; Haldbo-Classen et al., 

2020; Klein et al., 2002; J. D. Olson et al., 2000; Peiffer et al., 2013; Postma 
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et al., 2002; Romero-Garcia et al., 2022; Surma-aho et al., 2001), but not all 

studies have found such a relationship (Boone et al., 2016; Breen et al., 

2020; Kaleita et al., 2004; Satoer et al., 2014; Shih et al., 2015; M. J. B. 

Taphoorn et al., 1994), and in some cases mixed results (Brown et al., 2003; 

Kleinberg et al., 1993; Shankar & Rajshekhar, 2003; Tabrizi et al., 2019) and 

improvements in cognition following radiotherapy (Klein et al., 2021) have 

been noted. These conflicting findings may be due to differences in study 

design, outcome measures, and/or timing of assessments; for example, two 

large randomised studies that found most patients maintain stable 

neurocognitive status after radiotherapy relied on MMSE scores alone in the 

assessment of cognitive function (Breen et al., 2020; Brown et al., 2003), and 

other studies have also relied solely on general screening tools such as the 

MMSE to evaluate for cognitive impairment (Sunyach et al., 2003). Although 

a different study found non-significantly improved neurocognitive test scores 

at a second evaluation relative to the baseline (pre-radiotherapy) evaluation 

(Laack et al., 2005), this may be due to practice effects associated with the 

test.  

 

Additive and differential effects of radiotherapy and chemotherapy on 

cognition have been evaluated. For example, one three-arm RCT of 36 adult 

patients with newly diagnosed WHO grade III oligodendroglioma compared 

radiotherapy alone to chemoradiotherapy and chemotherapy alone; the 

primary outcome was overall survival, but the study found no difference in 

neurocognitive decline from baseline to 3 months between the three arms 

(Jaeckle et al., 2021). Another follow-on study of a different RCT comparing 

outcomes following radiotherapy to chemotherapy alone as a primary 

oncological treatment in 99 patients with LGG found no significant difference 

in cognitive outcomes at 12 months between the two treatment arms (Klein 

et al., 2021). However, longer-term follow-up would be required to confirm 

the findings of these two studies, given the timespan over which radiotherapy 

is generally postulated to influence cognitive function. 

 

Several studies have found neuroimaging correlates of impaired cognitive 

function associated with radiotherapy, including cortical atrophy and white 
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matter abnormalities (Correa et al., 2006; Douw et al., 2009; Postma et al., 

2002; Surma-aho et al., 2001). Although it is widely felt that cognitive 

outcomes are affected at specific radiation fraction doses, for example above 

2 Gy (Klein et al., 2002), it has been shown that doses less than this can 

result in declined attentional functioning (Douw et al., 2009). In another 

study, however, no effect of gross, clinical, or planned radiotherapy target 

volumes on memory functions were found in patients with LGG; this same 

study also found no deleterious effect of radiotherapy on memory function 

compared to temozolomide chemotherapy treatment (Klein et al., 2021). 

 

There is evidence against late cognitive and radiographic changes related to 

radiotherapy. A prospective long-term study of 26 patients with low-grade, 

supratentorial brain tumours (including gliomas as well as pituitary tumours, 

pineal tumours, and non-invasive meningiomas) with annual follow up for six 

years found that, although half of the patients showed evidence of cognitive 

decline and treatment-related T2-weighted MRI hyperintensities, there was 

no evidence of general cognitive decline or progression in white matter 

changes associated with radiotherapy after 3 years of follow-up (Armstrong 

et al., 2002).  

 

The effects of radiotherapy on cognitive outcomes are likely to relate to the 

specific anatomical structures that have been irradiated and their laterality 

(Haldbo-Classen et al., 2020; Peiffer et al., 2013). A retrospective analysis of 

57 patients with a range of brain tumours, including 35 benign or low-grade 

tumours, aimed to identify neuroanatomical targets of radiation-induced 

cognitive decline by correlating performance in neurocognitive assessments 

with dose volume histogram modelling analyses of specific brain regions of 

interest (Peiffer et al., 2013). The authors found that the corpus callosum, left 

frontal white matter, right temporal lobe, bilateral hippocampi, subventricular 

zone, and cerebellum were able to predict global cognitive outcomes at 

radiation doses of <60 Gy; regions that did not predict global cognitive 

outcomes at any dose included total brain volume, frontal pole, anterior 

cingulate, right frontal white matter, and the right precentral gyrus.  
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2.9.4.6 Genetics 

The role of genetics and its interaction with brain tumours in modulating 

cognitive outcomes has been studied previously. In a study of 128 patients 

with LGG and HGG, polymorphisms in COMT, BDNF, and DRD2 genes 

were found to be associated with cognitive performance; patients with high-

performing alleles had better scores in the Repeatable Battery for the 

Assessment of Neuropsychological Status and Stroop tests, but not the Trail 

Making Test (TMT) (Altshuler et al., 2019).  

 

A study of 233 patients with HGG and LGG found polymorphisms in 

inflammation, DNA repair, and metabolism pathways were associated with 

cognitive function prior to surgical resection, with those harbouring at-risk 

variant alleles at greater risk of cognitive dysfunction (Y. Liu, Zhou, et al., 

2015). Another study of 150 patients with a range of tumour types including 

HGG, LGG, and primary CNS lymphoma found strong associations between 

attention, executive functions, memory and 33 SNPs in genes involved in 

late-onset Alzheimer's disease, inflammation, cholesterol transport, 

dopamine regulation, myelin repair, DNA repair, cell cycle regulation, and 

response to oxidative stress (Correa et al., 2019). The genetic findings were 

not associated with white matter abnormalities on brain MRI scans.  

 

In a study including 36 LGG patients who had undergone ApoE testing, 

ApoE Ů-4 allele carriers (n=9) had non-significantly lower scores in verbal 

memory than non-carriers (n=27), but there were no differences in other 

domains (Correa et al., 2006). In a subsequent study by the same authors of 

20 patients with high- and low-grade gliomas stratified according to whether 

or not they harboured the ApoE Ů-4 allele, a battery of cognitive tests were 

administered at two time points: first, a mean of 4 years after completing 

treatment, and second a mean 5.21 years later (Correa et al., 2018). Mean 

age was similar in the ApoE Ů-4-positive (51 years, standard deviation [SD] 

9.1 years) and -negative (50 years, SD 9.9 years) patients. Imaging for 

detection of ɓ-amyloid deposition (using 18F-florbetaben positron emission 
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tomography [FBB PET]), a pathological finding in Alzheimerôs disease, was 

also performed. The study found a significant decline in attention and an 

almost-significant decline in verbal learning. There were significant 

differences over time in attention and working memory according to ApoE 

status, with a decline noted in the ApoE Ů-4 carriers. There were no 

significant differences in the FBB PET findings between ApoE Ů-4 carriers 

and non-Ů-4 carriers. Thus, glioma patients may experience worsening 

attention and executive functions several years following treatment, and the 

ApoE Ů-4 allele may modulate cognitive decline independently from 

increased ɓ-amyloid deposition. 

 

Not all studies have found genetics to influence cognitive outcomes. One 

study of 505 patients with HGG, LGG, or meningiomas found that carriers of 

the ApoE Ů-4 allele (mean age 54.9 years, SD 13.9 years) did not have an 

increased risk of pre-treatment cognitive dysfunction or cognitive decline 

within one year of debulking surgery relative to non-carriers (mean age 55.3 

years, SD 13.1 years) (Butterbrod et al., 2021). However, this does not 

exclude the presence of potential late treatment effects. 

 

Although ApoE status is associated with cognitive decline in older age 

among the general population (Schiepers et al., 2012), the similar ages 

between ApoE Ů-4 carriers and non-carriers in the above studies argue 

against this being a driver of the observed findings. It is most likely that 

genetics influence the effects of gliomas on cognition both directly (for 

example, through modulating the plasticity of reorganisation) and indirectly 

(for example, through cognitive and/or brain reserve, which are discussed 

later). 

 

 

2.9.4.7 Anti-epileptic medication 

Epilepsy is common in patients with gliomas, affecting 86% of patients with 

LGG according to one study (Klein et al., 2003). Anti-epileptic drugs are 

known to be associated with cognitive decline (Campanella et al., 2017; 
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Correa et al., 2006; Drane & Meador, 2002; Klein et al., 2001, 2002; Vogt et 

al., 2018; Yavas et al., 2012), particularly the older anti-epileptic medications 

(Eddy et al., 2011), although most of the studies performed to date have 

suffered from poor methodological quality (including non-randomisation of 

anti-epileptic drug use) and heterogenous reporting of outcomes (Cochrane 

et al., 1998; Eddy et al., 2011). Some data suggest no influence of seizures 

or anti-epileptic medications on cognitive outcomes in patients with brain 

tumours (Brown et al., 2003; Maschio et al., 2020; Noll et al., 2015), but 

these studies include limitations of small sample size (n=21) (Maschio et al., 

2020) and lack of comprehensive cognitive assessment (use of the MMSE 

alone) (Brown et al., 2003). Overall, most evidence indicates a deleterious 

role for anti-epileptic medications in cognition. 

 

The number of anti-epileptic medications prescribed to a patient has been 

shown to influence short-term memory in patients with LGG 40 months after 

surgery, despite the lack of a relationship with other factors such as tumour 

laterality, lobe affected, tumour volume, or extent of tumour resection 

(Campanella et al., 2017). In another prospective study of 195 patients with 

LGG, the use of anti-epileptic medication was significantly associated with 

impaired attentional and executive function, and epilepsy burden was found 

to affect cognitive function more than radiotherapy (Klein et al., 2002). As 

shown by a more detailed analysis of a large portion of this cohort, the 

intensity of the epilepsy treatment was a more important contributor to 

cognitive outcomes than the severity of the patientôs epilepsy, as patients 

that received anti-epileptic drugs had more cognitive impairment, even in the 

absence of seizures, supporting the notion that it is the anti-epileptic 

medications that primarily influence cognitive function (Klein et al., 2003). 

 

Importantly, anti-epileptic drugs may also interact with chemotherapy 

treatments used in patients with brain tumours (Maschio et al., 2006; 

Oberndorfer et al., 2005) and this may affect survival as well as cognitive 

outcomes, although this remains to be proven. 
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2.9.4.8 Corticosteroid treatment 

Corticosteroids are regularly used in the treatment of brain tumours to reduce 

swelling from cerebral oedema, which is known to affect cognitive outcomes 

(Raysi Dehcordi et al., 2013; Talacchi et al., 2011). However, corticosteroids 

are also known to result in cognitive, psychiatric, and behavioural 

dysfunction, and there are data to indicate that their deleterious effects on 

attention, concentration, and memory are a result of neurotoxicity to the 

hippocampal and prefrontal areas (Wolkowitz et al., 2004). Most of the data 

on the adverse cognitive effects of corticosteroid therapy comes from 

patients treated with steroids for systemic conditions as opposed to brain 

tumours. A study of 18 patients with a range of brain lesions (mainly 

tumours) found language abilities improved in 4 of the 6 patients who 

showed language impairments 1ï5 days postoperatively when tested again 

at 6ï9 days, following a wean of dexamethasone (corticosteroid therapy) in 

the days following surgery (Zimmermann et al., 2020). A study of 72 patients 

with HGG and LGG evaluated through cognitive testing prior to surgery or 

oncological treatments found no effect of steroid use on cognitive 

performance (Noll et al., 2015). There is limited evidence of the effect of 

corticosteroids on cognition in patients with LGG, and this is most likely due 

to the fact that LGGs tend to cause cerebral oedema less frequently than 

many other tumour types.  

 

 

2.9.4.9 Fatigue/sleep disturbance 

Fatigue is a common symptom in patients with brain tumours and is also a 

common side-effect of a number of anti-epileptic medications (Struik et al., 

2009). No studies have reliably connected fatigue with cognitive outcomes in 

patients with gliomas, but it is highly plausible that fatigue is likely to affect 

cognition and performance in cognitive testing.  
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2.9.4.10 Mood disorders 

Mood disorders are common in patients with brain tumours (M. J. Taphoorn 

et al., 1992), and particularly in gliomas (Andrewes et al., 2003). Some brain 

tumour treatments are also associated with depression, and depression is 

associated with negative outcomes including shorter survival in patients with 

brain tumours (Litofsky & Resnick, 2009; Mainio et al., 2006). However, 

whether treatment of depression improves cognitive and other outcomes in 

patients with brain tumours remains to be elucidated. There is some 

evidence to suggest that a negative correlation exists between cognitive 

performance and psychological distress, in particular depression  (S. I. 

Anderson et al., 1999; Kaleita et al., 2004). This suggests that patients with 

higher cognitive performance are less likely to be psychologically distressed, 

and counteracts the argument that low psychological distress is attributable 

to a lack of insight associated with cognitive impairment. 

 

There is some evidence for a role of mood state in cognitive outcomes 

among patients with brain tumours (Allen et al., 2020; Irle et al., 1994; 

Leonetti et al., 2021; Noll et al., 2017; Santini et al., 2012). In one study of 

141 patients with brain tumours grouped according to tumour location, 

negative mood changes were identified following resection of brain tumours 

involving heteromodal cortices located either prefrontally or 

temporoparietally, whereas positive mood changes were identified after 

lateral frontal resections (Irle et al., 1994). Postoperatively reported levels of 

fatigue, irritability/anger, and anxiety/depression were positively correlated 

with the extent of cognitive impairment, significantly so for paired associate 

learning, Similarities, Block Design, Picture Completion, and Visual Span 

tasks. However, when analysing by lesion group in multivariate analyses, 

basic cognitive and attentional performance did not seem to contribute 

significantly to the reported mood levels. In another study, depressive 

symptoms were correlated strongly with many aspects of health -related 

quality of life but not neurocognitive functioning (Noll et al., 2017). However, 

another study in patients with HGG and LGG found an association between 

both mood disorders and low quality of life and cognitive deficits from pre-

operatively to one year after surgery (Leonetti et al., 2021). Another study of 
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patients with low- and high-grade brain tumours including objective and self-

reported cognitive outcomes found those reporting worse cognitive 

impairment had worse depressive symptoms (Allen et al., 2020). 

 

 

2.9.4.11 Brain and cognitive reserve 

Few studies have explicitly evaluated the role of brain and cognitive reserve 

in patients with brain tumours. As noted in Chapter 1, brain reserve can be 

defined in terms of individual differences in the brain itself that allow some 

individuals to cope better than others with a given pathology; the differences 

may be quantifiable, such as brain volume or the number of neurons or 

synapses (Stern, 2009). Cognitive reserve, on the other hand, has been 

defined in terms of individual differences in the processing of tasks that allow 

some to cope with brain pathology better than others (Stern, 2009). Most 

studies have found that the commonest proxy measure of cognitive reserve 

in the literature (years of formal education) does not significantly predict 

outcomes (Campanella et al., 2021; Kaleita et al., 2004; MacPherson et al., 

2020; Romero-Garcia et al., 2022), but there are exceptions (Giovagnoli et 

al., 2007) including a study that found years of education to influence 

cognitive outcomes in HGG but not LGG (Zhang et al., 2021). One analysis 

of RCT data on a cognitive rehabilitation programme in 64 patients (including 

54 with LGG) found younger age and higher education to be predictors of 

benefit from the programme, the latter being a proxy measure of cognitive 

reserve (Gehring et al., 2010). 

 

One study explored whether the concept of cognitive reserve can be applied 

to cognitive functions in 100 patients with brain tumours (HGG, LGG, and 

meningioma); different proxies for cognitive reserve (education level, 

premorbid IQ, current IQ, working and leisure activity) were investigated in 

terms of their role in protecting language function against the effects of brain 

tumours and surgery while considering interactions with demographic, 

anatomical, and clinical/biological variables (Campanella et al., 2021). The 

study found premorbid IQ (estimated using the Italian equivalent of the 
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National Adult Reading Test [NART]) to be the best predictor of pre-operative 

language integrity, over and above all clinical variables evaluated. 

Furthermore, patients with worse pre-operative language integrity and low-to-

moderately aggressive tumours showed a mitigating effect of current IQ over 

the consequences of surgery. The authors concluded that different cognitive 

reserve proxies play a role in moderating cognitive decline following brain 

tumours and surgery. The results of this study also indicated that cognitive 

reserve influences language outcomes in patients with brain tumours over 

and above the tumour location. This is supported by a study that evaluated 

whether cognitive reserve predicts cognitive performance in 91 patients with 

non-frontal lesions (high-grade tumours, low-grade tumours, meningiomas, 

or stroke) compared to 166 with frontal lesions and 136 healthy controls 

(MacPherson et al., 2020). In this study, NART-predicted IQ was found to 

predict executive, intelligence, and naming performance. Age was also found 

to significantly predict performance on executive and processing speed tests. 

Being part of the frontal group predicted executive and naming performance, 

while being part of the non-frontal group predicted intelligence. The authors 

concluded that age, lesion group, and literacy attainment have independent 

roles in predicting cognitive performance following stroke or brain tumour; 

however, the relationship between NART-predicted IQ and cognitive 

performance following focal brain damage does not differ in relation to frontal 

and non-frontally located lesions, implying that environmental factors shape 

resilience to cognitive decline in both of these groups (MacPherson et al., 

2020). 

 

In a study evaluating the independent effects of two cognitive reserve 

proxies, education and NART-predicted IQ, on a range of cognitive domains 

in 86 patients with focal frontal lesions (including tumours and other 

pathologies) compared to 142 healthy controls, both proxies were highly 

correlated with each other (r=0.48, p<0.001) (MacPherson et al., 2017). 

Linear regression models evaluating the effects of education and NART-

predicted IQ on multiple cognitive tests, with chronicity, age, and frontal 

lesion severity as covariates, were examined for multicollinearity using the 

variance inflation factor, which was below 2 in all instances. This indicated a 
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lack of high intercorrelations among the predictor variables. Only NART-

predicted IQ predicted executive and naming performance. Neither education 

nor NART-predicted IQ predicted performance on fluid intelligence, 

processing speed, verbal short-term memory, or perceptual abilities. 

Education and NART-predicted IQ did not modify the effect of lesion severity 

on cognitive impairment. Age significantly predicted performance on 

executive tests and most of the other cognitive measures except verbal 

short-term memory and naming. Furthermore, age was the only predictor for 

fluid intelligence, suggesting that age plays a role in executive performance 

over and above the contribution of cognitive reserve proxies in the presence 

of focal frontal lesions. The authors concluded that the studied cognitive 

reserve proxies do not appear to modify the relationship between cognitive 

impairment and frontal lesions.  

 

Overall, it appears that NART-IQ represents an appropriate proxy measure 

of cognitive reserve, and cognitive reserve may mitigate the effect of surgery 

but not lesion severity on cognitive functions. The data from these studies 

also support the notion that lesion location is not as important for language 

and other cognitive outcomes as one may expect. 

 

 

2.9.4.12 Treatment timing  

A prospective study of 24 patients with suspected or confirmed LGG found 

superior cognitive outcomes in those with suspected LGG not treated with 

surgery compared to those with confirmed LGG treated with early surgery, 

with no significant difference in time since diagnosis between both groups 

(mean of 4.4 and 5.5 years, respectively) and matching for other factors 

(Reijneveld et al., 2001). The authors concluded that a wait-and-see policy in 

patients with suspected LGG had no negative effect on cognitive 

performance. However, since publication of this study relatively robust 

evidence has emerged to support wider outcome (including survival) benefits 

of early surgery in this group, and thus the findings of the study by Reijneveld 

et al. (2001) have less relevance to modern neuro-oncology practice. 
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2.9.4.13 Timing of cognitive assessment 

The timing of the cognitive assessment in relation to the duration of a 

patientôs disease, i.e., the length of time since their diagnosis, has been 

shown in some studies to affect cognitive outcomes in patients with gliomas 

(Cayuela et al., 2019; Correa et al., 2008), but not in others (Allen et al., 

2020). In a small prospective study of 25 patients with LGG that received 

either no oncological treatment (n=16), radiotherapy (n=5), radiotherapy and 

carboplatin chemotherapy (n=1), or chemotherapy alone (n=3), disease 

duration as well as the treatment administered influenced cognitive outcomes 

(Correa et al., 2008). During the baseline evaluation, patients that had 

received some form of oncological treatment (chemotherapy/radiotherapy) 

had impaired performance in motor speed alone (defined as Ó1.5 standard 

deviations below normative means), but scored one standard deviation 

below normative values on tests of executive functions. To contrast, patients 

that had received no oncological treatment had no cognitive impairment. 

There was a significant variation over time in nonverbal memory (delayed 

recall), with patients that had received oncological treatment having an 

improved performance at the six-month point to a level similar to the 

untreated patients, although both groups of patients (treated and untreated) 

declined in performance slightly at the 12-month point. However, this study 

was limited by the small sample size and the absence of pre-treatment 

cognitive assessments. The non-randomised nature of the study may also 

have influenced the composition of the treated and untreated groups. 

 

In a study of 48 patients with WHO grade II or III oligodendroglioma treated 

with surgery and either radiotherapy alone (21%) or radiotherapy combined 

with chemotherapy (79%), cognitive function was evaluated in groups 

stratified by time since completion of treatment: within the past 2ï5 years 

(mean age at diagnosis 38.27 ± 9.73 years), 6ï10 years (mean age at 

diagnosis 43.08 ± 12.38 years), or more than 10 years ago (mean age at 

diagnosis 37.77 ± 11.68 years; no significant difference in age at diagnosis 
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between groups was identified). A higher incidence of cognitive impairment 

was detected in individuals who had completed treatment the longest time 

ago (Cayuela et al., 2019). In patients assessed more than five years after 

the completion of their treatment, severe cognitive impairment was detected 

in 38%. Cognitive deficits were found in patients assessed 2ï5 years after 

completion of treatment, but no structural brain abnormalities were detected 

in this group. Cognitive deterioration was strongly associated with loss of 

grey matter volume and increased white matter damage. 

 

There also appears to be variation in the cognitive testing results within 

subjects over time, particularly following surgical intervention or oncological 

treatment (Antonsson, Jakola, et al., 2018; Antonsson, Johansson, et al., 

2018; Aydinlar et al., 2020; Borde et al., 2021; Brennum et al., 2018; 

Campanella et al., 2015; Pallud & Dezamis, 2017; Satoer et al., 2014; 

Teixidor et al., 2007; Wolf et al., 2016), which presumably relates to 

postoperative recovery processes and, to some extent, measurement error. 

There is also evidence indicating that the rate of recovery of cognitive 

function after surgery varies by cognitive domain, with language, attention, 

and executive functions being the slowest domains to recover (Rossi et al., 

2021). 

 

Overall, these data highlight the importance of accounting for the timing of 

cognitive assessment when interpreting the literature, and also for serial 

assessments to document the cognitive trajectory. 

  

 

2.10 Discussion 

The systematic review described in this chapter aimed to provide a 

comprehensive overview of the literature relating to influences on cognitive 

outcomes in patients with brain tumours, with a focus on LGG. A large body 

of evidence investigating the role of various factors in influencing cognition in 

patients with gliomas was identified. A summary of the main potential 

influences on cognitive outcomes is shown in Figure 2-2 and Table 2-2; this 
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is a somewhat oversimplified representation of the topic for several reasons. 

For example, much of the evidence is conflicting, particularly in relation to the 

role of specific treatments and tumour-related factors in modulating cognitive 

outcomes. Some studies indicate that tumour location and laterality, tumour 

volume, and tumour grade are important determinants of cognitive outcomes, 

and others do not. There are studies that suggest that surgery improves 

cognition, whereas other studies state that surgery makes cognition worse, 

or that surgery has different effects on different patients, or that surgery 

initially worsens cognition and over time (a few months) there is a recovery 

either to the pre-operative baseline or better. On balance, most evidence 

supports the view that surgery has an initial detrimental effect on cognitive 

outcomes that recovers in most patients over the ensuing months. Clearly, 

such effects are likely to be influenced by the occurrence of complications 

such as stroke, as well as by the eloquence of the brain tissue encountered 

and disrupted by surgery. Discrepancies are also found in relation to the 

effects of radiotherapy and chemotherapy on cognition, which may be due to 

differences in study design and specific treatments as well as doses 

administered, although the evidence supporting the deleterious effects of 

radiotherapy is strong. Steroid treatment may improve cognition due to 

resolution of cerebral oedema, but may worsen cognition due to the side 

effects of the medication itself. Fatigue, sex, and comorbidities may also be 

important, but have been studied little in patients with gliomas. Mood may or 

may not influence cognitive outcomes; the evidence is conflicting. Such 

conflicting findings leave the literature somewhat difficult to interpret, and 

many unanswered questions remain. For example, proton radiotherapy may 

be associated with superior cognitive outcomes compared to photon 

radiotherapy, due to reduced radiation delivery to uninvolved neural tissue 

associated with the former treatment. Indeed, evidence from children with 

brain tumours supports this assertion (Child et al., 2021; Eaton et al., 2021; 

Warren et al., 2022; Yahya & Manan, 2021). However, there are no robust 

comparative data confirming this in adult glioma patients, requiring further 

study. 
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To contrast, baseline cognitive status appears to be a consistent factor that 

influences cognitive outcomes, with worse baseline cognition at 

diagnosis/pre-treatment correlated with worse long-term outcomes. Similarly, 

there is evidence that anti-epileptic drugs are associated with cognitive 

impairment. Several studies indicate a role for genetics, particularly in 

relation to ApoE allele status, but further studies are needed to confirm this. 

Cognitive and brain reserve have not been well-studied in the context of 

gliomas; there is evidence to suggest that age and NART-predicted IQ are 

associated with cognitive outcomes, and that years of education does not, 

although not all studies are in agreement with this.  

 

The conflicting findings may be the result of wide heterogeneity in the 

methods used between studies, and the wide variation in the timing of the 

cognitive testing. Crucially, the potentially important role of baseline or 

premorbid socioeconomic variables has been relatively neglected in the 

glioma literature. It is of note that several of the studies had collected data on 

occupation or social class from participants, but this was usually presented in 

a table without any accompanying analysis. Unaccounted for socioeconomic 

variables may explain some of the variability in the results obtained between 

studies and explain the variability in cognitive outcomes seen in clinical 

practice. Several of the putative influences on cognitive outcomes are likely 

to interact, and Figure 2-3 provides a theoretical causal depiction of putative 

pathways. 
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Figure 2-2: Potential factors associated with cognitive dysfunction in patients with low-grade glioma
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Table 2-2: A summary of putative influences on cognitive outcomes in patients with low-grade glioma 

Factor Evidence / Key Points 
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Performance (functional) 

status 

Some limited evidence to indicate that this may influence the risk of postoperative cognitive dysfunction (Bette et al., 

2020). 

Comorbidities Hypothyroidism has been associated with impaired MMSE scores (Bunevicius et al., 2017). Other medical 

comorbidities are likely to also be relevant. 

Baseline cognitive status Likely to be an important predictor of cognitive outcomes (Chapman et al., 2016; Giovagnoli et al., 2007; Nakajima 

et al., 2017). 

Genetics Polymorphisms in COMT, BDNF, and DRD2 genes may be associated with cognitive performance in specific 

domains (Altshuler et al., 2019). Polymorphisms in inflammation, DNA repair, and metabolism pathways may be 

associated with cognitive function (Y. Liu, Zhou, et al., 2015). ApoE status has been shown to be associated with 

cognitive outcomes in some (Correa et al., 2006, 2018) but not all (Butterbrod et al., 2021) studies. 

Educational attainment / 

cognitive reserve 

Cognitive reserve is most commonly evaluated via proxy, typically years of formal education, with mostly no effect 

on cognitive outcomes observed (Campanella et al., 2021; Kaleita et al., 2004; MacPherson et al., 2017; Romero-

Garcia et al., 2022), but there are exceptions (Giovagnoli et al., 2007) and it may be more relevant for HGG than 

LGG (Zhang et al., 2021). Higher education levels may predict responsiveness to cognitive rehabilitation (Gehring et 

al., 2010). NART-predicted IQ, an estimate of premorbid IQ, is another proxy measure of cognitive reserve and has 

been positively associated with cognitive outcomes in some (Campanella et al., 2021; Giovagnoli et al., 2007) but 

not all (MacPherson et al., 2017) studies. 

Brain reserve No studies identified specifically evaluating proxy measures of brain reserve (for example, total intracranial volume) 

in patients with LGG.  

Age Age may (Giovagnoli et al., 2007; Kaleita et al., 2004; MacPherson et al., 2017, 2020) or may not (Allen et al., 2020; 

Brown et al., 2003; Laack et al., 2005) influence cognitive outcomes. Evidence for and against a role for age in 

influencing cognition comes from prospective studies. Younger age may predict responsiveness to cognitive 

rehabilitation (Gehring et al., 2010). 

Sex Limited evidence. One study indicated improved language performance in females immediately after surgery, but 

scores were comparable to males one year after surgery (Rossi et al., 2020). 

Functional anatomy Changes to the white matter tracts and functional networks of the brain (Incekara et al., 2019) and arcuate fasciculus 

lateralization (Jehna et al., 2017) may influence cognitive function, particularly language outcomes. 

Fatigue No strong evidence that it influences cognitive outcomes specifically in brain tumour patients, but fatigue is common 

in patients with brain tumours (Aarsen et al., 2014) and is a common side effect of several anti-epileptic drugs 

(Struik et al., 2009).  

Mood disorders There is some evidence for an association between mood state in cognitive outcomes (Allen et al., 2020; Irle et al., 

1994; Leonetti et al., 2021; Noll et al., 2017; Santini et al., 2012), but whether mood changes influence cognitive 

outcomes or vice versa remains to be fully elucidated. 
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Tumour location Conflicting results, with evidence for (Antonsson, Jakola, et al., 2018; Antonsson, Johansson, et al., 2018; Arbula et 

al., 2020; Bette et al., 2020; Fang et al., 2014; Goldstein et al., 2003; Irle et al., 1994; Kaleita et al., 2004; Kessels, 

2000; Latini et al., 2021; Mattavelli et al., 2019; Owen et al., 1996; Scarone et al., 2009) and against (Campanella et 

al., 2017; Hoffermann et al., 2017; Laack et al., 2005; Romero-Garcia et al., 2022; Satoer et al., 2014, 2018) a role in 

cognitive outcomes. Results are likely to be dependent on the cognitive domain evaluated and its relevance to the 

tumourôs location (Nakajima et al., 2019). 

Tumour laterality  Many studies suggest right-sided tumours are associated with a lower risk of cognitive impairment (Klein et al., 

2001; Mattavelli et al., 2019; Noll et al., 2016; Raysi Dehcordi et al., 2013; Sherman et al., 2016; Vilkki et al., 2002; 

Vogt et al., 2018; Y. Wang et al., 2021; Zarino et al., 2021), sometimes irrespective of the exact location (including 

lobe) of the tumour within the hemisphere (Yoshii et al., 2008), but this may depend on the cognitive modality under 

assessment (Barzilai et al., 2019; Blonski et al., 2012; A. Hansen et al., 2021; Mandonnet, 2019; Van Kessel et al., 

2019). Other studies disagree with the relevance of laterality (Campanella et al., 2017; Rijnen et al., 2020; Vendrell 

et al., 1995), but overall tumour laterality is likely to influence cognitive outcomes. 

Tumour grade Evidence for (Bette et al., 2020; Campanella et al., 2018; Coĸman et al., 2019; Costello et al., 2004; Noll et al., 2015; 

Santini et al., 2012; Talacchi et al., 2011; Van Kessel et al., 2019; Yuan et al., 2020; Zhang et al., 2021) and against 

(Boone et al., 2016; Ng et al., 2021; Noll et al., 2016; Pallud & Dezamis, 2017; Satoer et al., 2018; Yoshii et al., 

2008) a role of tumour grade in influencing cognitive outcomes; others indicate it may be important for some but not 

all cognitive domains (Nakajima et al., 2019). Overall, there is more evidence supporting a role of tumour grade in 

cognitive outcomes than evidence against. 

Tumour volume Some evidence for a role of tumour volume on cognitive outcomes (Ng et al., 2021; Talacchi et al., 2011; Van 

Kessel et al., 2019), but there is more evidence against such a role (Barzilai et al., 2019; Brown et al., 2003; 

Campanella et al., 2017; Noll et al., 2016; Romero-Garcia et al., 2022; Satoer et al., 2014; Zarino et al., 2021; Zhang 

et al., 2021). It is likely that this variable has complex interactions with other putative influences on cognitive 

outcomes, including extent of tumour resection and surgical approach. 

Tumour biology Molecular and histopathological profiles may (Barzilai et al., 2019; Van Kessel, Berendsen, et al., 2022; Van Kessel 

et al., 2019; Wefel et al., 2016) or may not (Nakajima et al., 2019; Ng et al., 2021) influence cognitive outcomes. 

The conflicting findings may result from differences in the specific tumour characteristics studied and differences in 

study design. 

Associated clinical features, 

including:  

Epilepsy / seizures 

Cerebral oedema 

Hydrocephalus 

Epilepsy may influence cognitive outcomes but evidence suggests the relationship is driven primarily by the use of 

anti-epileptic drugs (see below) (Klein et al., 2003). The limited evidence supporting improved cognition in patients 

receiving corticosteroids are likely to be due to the resolution of cerebral oedema (Klein et al., 2001) (see below). 

Hydrocephalus is known to be associated with cognitive dysfunction but the specific relationship in patients with 

gliomas is poorly studied to date. 
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Surgery Overall effects of surgery 

Large variation in findings. Several patterns observed, including: 

- a deterioration in cognition following surgery often with partial or full recovery or long-term improvement in the 

ensuing months (Altieri et al., 2019; Antonsson, Jakola, et al., 2018; V. Braun et al., 2006; Campanella et al., 2015; 

Forster et al., 2020; Giovagnoli et al., 2007; Hornak, 2003; A. T. Lee et al., 2021; Mattavelli et al., 2019; Nakajima 



 88 

et al., 2019; Noll et al., 2021; Peper & Irle, 1997; Reijneveld et al., 2001; Rossi et al., 2020, 2021; Santini et al., 

2012; Satoer et al., 2014; Teixidor et al., 2007; Tomasino et al., 2020; Y. Wang et al., 2021; Weniger, 2002; Wolf et 

al., 2016; Wu et al., 2011; Zarino et al., 2021) 

- an improvement in cognition (Barzilai et al., 2019; W.-H. Chang et al., 2018; Hoffermann et al., 2017; Motomura et 

al., 2018, 2020)  

- no effect of surgery at all (Boone et al., 2016; Friedman et al., 2003; Hoffermann et al., 2017; Jagaroo et al., 2000; 

Kaleita et al., 2004; Sarubbo et al., 2011)  

- deterioration in specific cognitive domains but no overall cognitive impairment at the group level (Norrelgen et al., 

2020)  

- a mixed picture: some patients experiencing cognitive improvement and others in the same study who experience 

cognitive decline or no change (Hendriks et al., 2018; Leroy et al., 2021; Mandonnet et al., 2015; Ng et al., 2021; 

Romero-Garcia et al., 2022; Satoer et al., 2017; Van Dokkum et al., 2019; Zimmermann et al., 2020)  

- or improvements in some cognitive domains and deterioration (Racine et al., 2015) and/or no change (Vogt et al., 

2018) in others 

 

Overall, surgery appears to initially influence cognition negatively, followed by a recovery over several months in 

most cases. 

 

Surgical approach 

Limited specific evidence to indicate that this influences cognitive outcomes apart from use of awake craniotomies/ 

intraoperative brain mapping having a positive (Nakada et al., 2021; Prat-Acín et al., 2021; Rossi et al., 2021) or 

negative (Rijnen et al., 2020) influence, although there is likely overlap with evidence for tumour location, which is a 

crucial influence on surgical approach undertaken. 

 

Extent of tumour resection 

A number of studies indicate that higher extent of tumour resection does not negatively influence cognitive outcomes 

(Barzilai et al., 2019; Campanella et al., 2017; Klein et al., 2001; Laack et al., 2005; Ng et al., 2021; Satoer et al., 

2014; Talacchi et al., 2011; Yoshii et al., 2008; Zarino et al., 2021), and some evidence it may positively influence 

cognitive outcomes (Muto et al., 2018). 

 

Complications during or following surgery 

Evidence to suggest the development of stroke is associated with worse cognitive outcomes following surgery 

(Berger et al., 2021; Loit et al., 2019; Rossi et al., 2021). 

Chemotherapy Most evidence indicates no effect on cognition (Boone et al., 2016; Prabhu et al., 2014; Roman-Goldstein et al., 

1995; Satoer et al., 2014), but may have a negative (Wefel et al., 2004) or a positive effect (Klein et al., 2021). Likely 

to be influenced by several variables including the specific chemotherapy regime chosen and timing of 

administration. 

Radiotherapy One of the factors most strongly associated with adverse cognition in patients with brain tumours (Armstrong et al., 

2000, 2002; Bette et al., 2020; Correa et al., 2006; Douw et al., 2009; Haldbo-Classen et al., 2020; Klein et al., 2002; 
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J. D. Olson et al., 2000; Peiffer et al., 2013; Postma et al., 2002; Romero-Garcia et al., 2022; Surma-aho et al., 2001), 

with neuroimaging correlates of the cognitive effects identified (Correa et al., 2006; Douw et al., 2009; Postma et al., 

2002; Surma-aho et al., 2001). However, not all studies have found such a relationship (Boone et al., 2016; Breen et 

al., 2020; Kaleita et al., 2004; Satoer et al., 2014; Shih et al., 2015; M. J. B. Taphoorn et al., 1994), and in some cases 

mixed results (Brown et al., 2003; Kleinberg et al., 1993; Shankar & Rajshekhar, 2003; Tabrizi et al., 2019) and 

improvements in cognition following radiotherapy (Klein et al., 2021) have been noted. 

 

Effects of radiotherapy on cognitive outcomes are likely to relate to the specific anatomical structures that have been 

irradiated and their laterality (Haldbo-Classen et al., 2020; Peiffer et al., 2013). 

 

Studies comparing combinations of radiotherapy and/or chemotherapy treatments suggest no difference in cognitive 

outcomes according to oncological treatment administered (Jaeckle et al., 2021; Klein et al., 2021), but follow-up in 

these studies was short. 

Anti -epileptic medications Anti-epileptic medications are a well-recognised cause of cognitive decline (Campanella et al., 2017; Correa et al., 

2006; Drane & Meador, 2002; Klein et al., 2001, 2002; Vogt et al., 2018; Yavas et al., 2012), particularly the older 

anti-epileptic medications (Eddy et al., 2011), and use of multiple AEDs in a single patient increases the risk further 

(Campanella et al., 2017). Limited data suggest no influence of seizures or anti-epileptic medications on cognitive 

outcomes in patients with brain tumours (Brown et al., 2003; Maschio et al., 2020; Noll et al., 2015), but these 

studies include limitations of small sample size (Maschio et al., 2020) and lack of comprehensive cognitive 

assessment (use of MMSE alone) (Brown et al., 2003). Overall, most evidence indicates a deleterious role of anti-

epileptic medications in cognition. 

Corticosteroid treatment Well-recognised cognitive effects, particularly in studies of patients with systemic conditions requiring steroid 

treatment, but also in patients with gliomas (Caramanna et al., 2022). Some evidence against a role of steroid use in 

determining cognitive outcomes (Noll et al., 2015). Evidence of improved cognition with steroid use (Klein et al., 

2001) is likely secondary to resolution of cerebral oedema. Role is likely to be influenced by the presence and extent 

of cerebral oedema, and the effects of that on cognition. 

Specific cognitive tests 

administered 

Many studies identified in the systematic review found impaired performance in some but not all cognitive tests 

administered to patients. Furthermore, evidence indicates that the rate of recovery of cognitive function after surgery 

varies by cognitive domain, with language, attention, and executive functions being the slowest domains to recover 

(Rossi et al., 2021). This highlights the importance of administering comprehensive test batteries to patients to ensure 

all cognitive changes are captured. 

O
th

e
r Timing of test administration  Length of time since diagnosis has been shown in some studies to affect cognitive outcomes in patients with gliomas 

(Cayuela et al., 2019; Correa et al., 2008), but not in others (Allen et al., 2020). This may be in part due to the timing 

in relation to treatments administered. 
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Figure 2-3: A proposed theoretical causal depiction of putative pathways related to cognitive outcomes 
in low-grade glioma 

 

 

2.10.1 Limitations of the systematic review 

There are several limitations influencing the interpretation of this systematic 

review. First, the included studies have used varying cognitive tests, 

performed the tests at different time points following completion of treatment, 

and have reported varying lengths of follow-up. Definitions of cognitive 

dysfunction, particularly in relation to score thresholds, also vary between the 

studies. Some of the studies relied on a single measure of cognitive function, 

including the MMSE (itself not a comprehensive assessment of cognitive 

function), despite evidence that reliable results are only obtained with a 

comprehensive neuropsychological battery (Becker et al., 2016) and 

evidence that screening tools such as the MMSE and Montreal Cognitive 

Assessment (MoCA) do not detect all instances of cognitive impairment 

(Racine et al., 2015). The Response Assessment in Neuro-oncology (RANO) 

Group have provided recommendations about which cognitive tests should 
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be administered in trials of patients with diffuse LGGs; this includes the 

MMSE, Hopkins Verbal Learning Test-Revised (HVLT-R), TMT parts A and 

B, and Controlled Oral Word Association Test (COWAT) test at baseline 

assessment, and the HVLT-R, TMT parts A and B, and COWAT test during 

follow-up assessments (M. Van Den Bent et al., 2011). These should be 

seen as a minimum set of tests to be used in studies evaluating cognitive 

function. Some studies did not clearly specify when the cognitive testing took 

place (Fang et al., 2014; Kaleita et al., 2004; Kelm et al., 2017; Klein et al., 

2003; Shankar & Rajshekhar, 2003; Weniger, 2002).  

 

It is also difficult to disentangle the contributions of each of the different 

factors towards cognitive dysfunction; for example, how much were the 

observed cognitive changes due to the natural history of the disease itself, 

particularly when residual tumour was left after surgery, versus other causes 

such as the specific treatments administered? Furthermore, patients in the 

same study also often received different treatments, making it difficult to 

identify specific treatment-related contributions to a patientôs cognitive status. 

Some manuscripts did not detail the exact type and extent of surgery 

undertaken, which is important because (i) a biopsy is likely to result in 

different cognitive outcomes than tumour resection, but also (ii) grouping 

those that underwent debulking or resection of the tumour together without 

accounting for the amount of tumour removed (for example, 25% versus 

100%) is challenging because the proportion of tumour removed may have a 

clinically meaningful effect on cognitive outcomes. There was also a lack of 

systematic reporting of treatments received by patients, with some articles 

not detailing how many participants had received chemotherapy and/or 

radiotherapy. There was also variation in the doses of such treatments 

received within and between studies. Table 2-3 provides a summary 

checklist of information that should be provided in future studies in the field to 

allow the systematic accumulation of clinically relevant data.  
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Table 2-3: Checklist of essential information for future studies  

Premorbid and patient -related factors  

¶ Demographic information including age, sex, and ethnicity 

¶ Handedness 

¶ Socioeconomic status 

¶ Educational attainment / IQ 

¶ Baseline cognitive status 

¶ Genetic prof ile where available 

¶ Evaluation for fatigue and mood disorders 

¶ Clinical symptoms 

¶ Medication history 

¶ Comorbidities 

¶ Alcohol and tobacco consumption 

¶ Performance (functional) status 

¶ Functional anatomy (including speech laterality / hemisphere dominance) 

Tumour -related factors  

¶ Tumour type 

¶ Tumour location 

¶ Tumour laterality 

¶ Tumour grade 

¶ Tumour volume 

¶ Tumour biology 

¶ Tumour stability 

¶ Associated clinical features (including epilepsy/seizures, hydrocephalus, cerebral 

oedema) 

Treatment -related factors  

¶ Surgery undertaken, including type of  surgery and surgical approach (asleep 

versus awake, use of  brain mapping pre- and intraoperatively), extent of  tumour 

resection, complications associated with surgery 

¶ Chemotherapy administered, including drug(s), dosage(s), route and length of  

administration 

¶ Radiotherapy administered, including method of  delivery, dosage(s), target(s) and 

length of  administration 

¶ Anti-epileptic medication usage, including specif ic drug(s), dosage(s), route and 

length of  administration 

¶ Corticosteroid usage, including specif ic drug(s), dosage(s), route and length of  

administration 

¶ Timing of  all of  the relevant above treatments (since diagnosis) 

Other factors  

¶ Cognitive tests administered, ideally a battery of  validated robust measures 

covering a broad range of  cognitive domains 

¶ Specif ic details of  the timing of  cognitive test administration in relat ion to the time 

since diagnosis and treatments administered 

 

An important additional limitation is that many of the studies identified in this 

systematic review incorporated a range of pathologies into a single group for 

analysis; for example, one study created a group of low-grade supratentorial 
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brain tumours that incorporated WHO grade I and II gliomas, pituitary and 

pineal tumours, and non-invasive meningiomas (Armstrong et al., 2002). 

There was also unclear classification of tumours within studies; for example, 

one study had an óLGGô category of tumours in addition to a separate 

category for ópilocytic astrocytomaô, which is a type of LGG, with no definition 

of what glioma types comprised the LGG group (Tomasino et al., 2020). 

There is evidence from studies including multiple tumour pathologies that 

differences exist in cognitive outcomes according to tumour type 

(Campanella et al., 2018; Coĸman et al., 2019), even when considering 

tumours in the same anatomical location (Vogt et al., 2018). The underlying 

mechanisms through which these different tumours can cause cognitive 

dysfunction are likely to vary, and the effects of surgery are also likely to vary 

because of differences in their typical intracranial locations. Different tumours 

may exert different effects on cognitive function due to different effects on 

functional brain tissue, which may be a reflection of the underlying 

pathophysiology of the disease process or external compression on neural 

structures altering their function. The theory that cognitive differences may 

result from tumour type and surgical approach is supported by the findings of 

a prospective study of 66 patients with either HGGs, LGGs, or meningiomas, 

all of whom underwent the same neuropsychological testing focusing on 

perception and interpretation of emotion (Campanella et al., 2015); the 

patients with HGG were largely already impaired in the more perceptual 

tasks before surgery and surgery did not influence their performance. 

Patients with LGG, however, who were unimpaired before surgery, showed a 

significant deficit in perceptual tasks immediately after surgery that largely 

recovered at the point of a repeat assessment approximately four months 

after surgery. To contrast, the patients with meningiomas were largely 

unimpaired in all tasks. Similar results were reported in another study 

evaluating memory function published by the same group (Campanella et al., 

2018). 
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2.11 Summary 

Cognitive dysfunction is common in people diagnosed with LGG and can 

have a profound effect on their quality of life. The systematic review 

described in this chapter has provided a comprehensive overview of the 

literature relating to influences of cognitive outcomes in patients with LGG 

and other brain tumours, confirming that multiple factors influence cognitive 

outcomes in patients with LGG and are likely to interact in a complex manner 

as shown in Figure 2-3.  

 

Wide differences in study methodologies call for more homogenous study 

design and study reporting in future studies, using the criteria listed in  Table 

2-3. Tumour characteristics such as location and laterality, as well as 

treatments administered, are some of the most studied putative influences on 

cognitive impairment in LGG, but the evidence for these is conflicting. 

Surgery and radiotherapy are treatment-related variables with some of the 

strongest evidence base for an association with cognitive outcomes in LGG. 

Corticosteroid treatment may improve cognition through resolution of 

cerebral oedema, but may worsen cognition due to the side effects of the 

medication itself. Baseline cognitive status appears to be a consistent factor 

that influences cognitive outcomes, with worse baseline cognition at 

diagnosis/pre-treatment correlated with worse long-term outcomes. Similarly, 

evidence indicates that anti-epileptic medications have a negative effect on 

cognition. The evidence of genetic contributions to cognitive outcomes in 

LGG is conflicting. 

 

While the systematic review identified a number of notable findings, it also 

identified some key gaps in the literature on influences on cognitive 

outcomes in LGG. For example, socioeconomic status has been largely 

neglected as a variable in studies of cognitive outcomes in LGG. So, too, 

have proxy measures of brain reserve. Furthermore, the genetic studies 

identified in this systematic review were candidate gene association studies; 

no genome-wide association studies or polygenic indices were identified on  

this topic. Perhaps these understudied variables explain the conflicting 
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findings in the identified studies as well as the variability in outcomes seen in 

clinical practice? 

 

A number of interventional studies have aimed to prevent, or ameliorate 

existing, cognitive impairment in patients with LGG. It is possible that 

reviewing these studies in detail to gain a greater understanding of the 

efficacy of such interventions could elucidate further on the mechanisms 

driving variability in cognitive outcomes in patients with LGG. For this reason, 

the next chapter of this thesis describes a systematic literature review of 

interventional studies performed to ameliorate or prevent cognitive 

dysfunction in patients with brain tumours. 
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3 Chapter 3: A systematic literature review of cognitive 

interventions in patients with brain tumours 

3.1 Introduction 

The identification of an association between cognitive impairments and 

deleterious patient outcomes, including quality of life (QOL) and survival 

(Van Kessel et al., 2021), in glioma has contributed to great interest in 

methods to ameliorate (improve) or prevent cognitive impairments in this 

population. The aim of this systematic review was to provide a 

comprehensive overview of the interventions used to ameliorate or prevent 

cognitive dysfunction in adults with current and previously treated brain 

tumours, critically evaluate the identified studies and the evidence for each 

intervention, and to discuss the practical implications.  

 

Note that the text, figures, and tables in this chapter and appendices 1 and 2 

have been previously published in an open-access journal where copyright 

was retained by the authors, including myself (M. A. Kirkman et al., 2023). 

The full reference to the manuscript is provided in the reference list of this 

thesis. Regarding contributions to the work described in this chapter in 

addition to the supervisory support provided by my PhD supervisors, 

Benjamin H M Hunn and myself independently screened the same abstracts 

of articles identified through the systematic literature review to minimise the 

risk of incorrectly including or excluding an article, and we discussed 

disagreements to reach a consensus. In addition, Justyna O Ekert and 

myself (i) independently extracted data from the same shortlisted articles, 

using an identical data extraction template, to minimise the risk of missing 

important information about the studies included in the systematic review; 

and (ii) independently performed risk of bias assessments on all the studies 

included in the systematic review, following which disagreements on scoring 

were resolved through discussion. The remainder of the work described in 

this chapter was performed by myself.  
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3.2 Materials and methods 

As noted in Section 2.5 of the previous chapter, this systematic literature 

review employed the same literature search strategy as was used in the 

systematic literature review described in Chapter 2. Accordingly, the study 

approval, data sources and search strategy, and the screening process for 

identified articles associated with this systematic review are described in the 

previous chapter of this thesis, in sections 2.2, 2.3, and 2.6, respectively. 

 

 

3.2.1 Inclusion/exclusion criteria 

The inclusion criteria for this systematic literature review of interventional 

studies were as follows:  

 

¶ Study design : Randomised and non-randomised studies published in 

English language 

¶ Population : Adult brain tumour patients (aged Ó18 years) that underwent 

objective cognitive function testing 

¶ Intervention : Any intervention type used to ameliorate or prevent 

cognitive dysfunction 

¶ Comparator : No restriction on comparator type or control group 

¶ Outcome : Objective (not self-reported) measure of cognition 

 

As for the approach to the systematic review described in Chapter 2, the 

scope of this systematic review was also broad to incorporate multiple brain 

tumour types, in order to avoid missing findings of potential relevance.  There 

was no restriction on the type of intervention considered in this review, with 

both pharmacological and non-pharmacological interventions included. The 

primary outcome measure did not have to be cognitive function, as long as 

cognition was assessed using an objective (not self-reported) measure.  

 

Review papers, case reports involving a single patient, non-human studies, 

abstracts from dissertations, chapters from or whole textbooks, studies that 

focused on children, and studies that did not specifically employ an 
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intervention to address cognitive impairment prevention or amelioration  were 

excluded. In addition, studies where the intervention under investigation was 

a variation in oncological treatmentsðsuch as cranial irradiation (for 

example, the use of hippocampal-sparing techniques) or different 

combinations of radiotherapy and chemotherapyðwere also excluded from 

discussion in this chapter (these studies are discussed in Chapter 2). 

 

 

3.2.2 Data extraction  

A standardised data extraction proforma was used by myself and a 

postdoctoral research associate in cognitive neuroscience (Justyna O Ekert) 

to independently extract relevant data from the same studies identified as 

meeting the criteria for inclusion, and the studies were critically appraised. If 

data to complete the data extraction process were unavailable in a 

manuscript, the corresponding author(s) of the study was (were) contacted 

for clarification via email.  

 

 

3.2.3 Risk of bias assessment 

The risk of bias assessments were performed independently by myself and 

the same postdoctoral research associate in cognitive neuroscience that 

assisted in the data extraction process (Justyna O Ekert), and disagreements 

were resolved through consensus.  

 

The Cochrane Risk of Bias 2 assessment tool (Sterne et al., 2019) was used 

to assess the risk of bias among the randomised studies. This evaluates the 

risk of bias in five domains (randomisation process, deviations from intended 

interventions, missing outcome data, measurement of the outcome, and 

selection of the reported result), resulting in an overall risk of bias 

assessment in addition to individual domain assessments. The risk of bias 

judgment is graded as óhighô, ólowô, ósome concernsô or óno informationô. The 

guidance notes and algorithm provided at 

https://www.riskofbias.info/welcome/rob-2-0-tool were used for ratings, with 

https://www.riskofbias.info/welcome/rob-2-0-tool


 99 

deviations from the algorithm-determined ratings agreed between myself and 

the postdoctoral research associate in cognitive neuroscience mentioned 

above. 

 

For non-randomised studies, the National Heart, Lung, and Blood Institute 

(NHLBI) Quality Assessment Tool for Before-After (Pre-Post) Studies With 

No Control Group (available at: https://www.nhlbi.nih.gov/health-topics/study-

quality-assessment-tools) was used to evaluate risk of bias. This comprises 

of 12 questions covering the domains of: study question; eligibility criteria 

and study population; study participants representative of clinical populations 

of interest; whether all eligible participants were enrolled; sample size; 

whether the intervention was clearly described; whether the outcome 

measures were clearly described, valid, and reliable; blinding of outcome 

assessors; follow-up rate; statistical analysis; use of multiple measurements 

of outcomes; and group-level interventions and individual-level outcome 

efforts. Responses to these domains are graded as óYesô, óNoô, or óOtherô 

(cannot determine, not applicable, or not reported), and an overall quality 

assessment rating of óGoodô, óFairô, or óPoorô is determined. Due to the lack of 

a standardised criteria or algorithm for grading, we devised the following 

thresholds: studies with one or less of the 12 domains rated as óNoô, óCannot 

Determineô, or óNot Reportedô were rated as óGoodô overall; studies with 

between two and five of the 12 domains rated as óNoô, óCannot Determineô, or 

óNot Reportedô were rated as óFairô overall; and studies with six or more of the 

12 domains rated as óNoô, óCannot Determineô, or óNot Reportedô were rated 

as óPoorô overall. 

 

Where there was an unclear risk of bias, the corresponding authors were 

contacted for clarification via email. Risk-of-bias plots were created using the 

robvis tool (McGuinness & Higgins, 2021).  

 

 

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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3.2.4 Synthesis methods 

Due to the wide variations in study design, interventions delivered, and 

outcome measures evaluated among the identified studies, it was not 

possible to perform a meta-analysis. Instead, the identified studies were 

appraised primarily in relation to the risk of bias using the tools described 

above. The aim of this systematic review was to provide an overview of the 

interventions used to prevent or ameliorate cognitive dysfunction. Given this, 

as well as the large number of relevant studies identified, it was planned to 

focus on the risk of bias assessments alongside a description of the studies, 

including the interventions delivered and the key results. As will be shown 

below, to facilitate this description the studies were categorised according to 

study randomisation status (randomised/non-randomised) and type of 

intervention delivered (pharmacological/non-pharmacological). 

 

 

3.3 Results 

3.3.1 Selected articles 

As noted in Section 2.9.1, the search strategy performed (and described in  

Section 2.3) identified 9,998 articles. A flow diagram illustrating the selection 

process relevant to the interventional studies is provided in Figure 3-1, 

overleaf. Following the exclusion of duplicate articles and those not 

published in English, there were 9,460 articles remaining for title screening, 

of which we selected 2,812 for abstract review. Full-text review was 

performed on 1,173 of these articles and an additional 14 articles were 

identified through other sources. Overall, there were 35 manuscripts that met 

the inclusion and exclusion criteria of this part of the systematic review 

focused on interventional studies for cognitive dysfunction.  
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Figure 3-1: Flow diagram for the systematic review of cognitive interventions for brain tumours 

 

 

3.3.2 Characteristics of included studies and study settings 

Table 3-1 and Table 3-2 provide a high-level summary of the 35 included 

studies. A more detailed description of the studies is provided in Appendix 5 

and Appendix 6 for the randomised studies, and Appendix 7 and Appendix 8 

for the non-randomised studies. 
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Table 3-1: Summary of identified studies for the systematic review on interventions for cognition in 
brain tumours 

 N 

Total number of studies  35 

Type of study   
- Randomised controlled trial 22 
- Prospective uncontrolled/pilot study 7 

- Phase II open-label study 2 
- Phase IIa single-arm study 1 
- Case series report and prospective observational study 1 

- Nonrandomised controlled study 1 
- Retrospective case-control study 1 
  

Type of intervention   
Pharmacological 14 
Non-pharmacological 21 

   
Location of study authors   
- Europe 13 

- North America 13 
- More than one continent 4 
- Asia 4 

- South America 1 
  
Decade study published   

- 2020 onwards 7 
- 2010-2019 21 
- 2000-2009 6 

- 1990-1999 1 
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Table 3-2: Summary of study characteristics 

 First a uthor  Year 

published  

Location of 

study 
authors  

Sample 

size 

Intervention  Aim of intervention in relation 

to cognitive dysfunction  

R
a
n
d
o
m

is
e
d
 
s
tu

d
ie

s
 

Boele 2013 Netherlands 37 Modaf inil Prevention 
Brown 2013 USA and 

Canada 

554* Memantine Prevention 

Butler 2007 USA 68 d-threo-methylphenidate Prevention 
Chen 2019 China 100 Shenqi fuzheng Prevention 

Durà Mata 2018 Spain 84 Cognitive rehabilitation Prevention 
Gehring 2009 Netherlands 140 Cognitive rehabilitation Prevention 
Gehring 2012 Netherlands 

and USA 

34 Methylphenidate / modaf inil Amelioration 

Gehring 2020 Netherlands 34 Aerobic exercise Prevention 
Hulshof  2002 Netherlands 7 Hyperbaric oxygen therapy Amelioration 

Kaleita 2006 USA 30 Modaf inil Amelioration 
Laigle-Donadey 2019 France 41 Dexamphetamine Prevention 
Locke 2008 USA 19 Cognitive rehabilitation Amelioration 

Page 2015 USA 54 Armodaf inil Prevention 
Peng 2016 China and 

USA 
94 Lidocaine Prevention 

Porter 2022 USA 297 Armodaf inil Prevention 
Rapp 2015 USA 198 Donepezil Amelioration 
Richard 2019 Canada 26 Goal Management Training Amelioration 

Taylor 2020 USA and 
Netherlands 

23 Cognitive rehabilitation Amelioration 

Van der Linden 2021 Netherlands 99 Cognitive rehabilitation Prevention 

Voss 2022 Germany 50 Ketogenic diet and intermittent fasting Prevention 
Yang 2014 Korea 38 Virtual reality training combined with 

computer-assisted cognitive rehabilitation 
Amelioration 

Zucchella 2013 Italy 53 Cognitive rehabilitation Amelioration 

N
o
n
-

ra
n
d
o
m

is
e
d
 

s
tu

d
ie

s
 

Attia 2012 USA 34 Ginkgo biloba Prevention 

Braun 2021 USA 20 CogMed Working Memory Training Amelioration 

Han 2015 Korea 55 Cognitive rehabilitation Prevention 

Hassler 2010 Austria 26 Holistic mnemonic training Prevention 

Hojan 2020 Poland 203 Comprehensive rehabilitation Prevention 

Maschio 2015 Italy 16 Cognitive rehabilitation Prevention 

Meyers 1998 USA 44 Methylphenidate Amelioration 
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Miotto 2013 Brazil, USA, 
and UK 

21 Semantic strategy training Prevention 

Miotto 2014 Brazil 24 Semantic strategy training Prevention 

Sacks 2015 USA 3 CogMed Working Memory Training Amelioration 

Schellart 2011 Netherlands 43 Hyperbaric oxygen therapy Amelioration 

Shaw 2006 USA 35 Donepezil Amelioration 

Yu 2019 Korea 143 Intensive rehabilitation therapy Prevention 
*There were 554 patients randomised to this study, but cognitive outcomes at 24 weeks were evaluated in only 280 of these. 
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3.3.3 Study quality and level of evidence 

Of the included studies, the majority were randomised controlled trials (n=22, 

62.9%). There were also seven (20.0%) prospective uncontrolled/pilot 

studies, and one (2.9%) retrospective case-control study. Three (8.6%) of the 

identified studies were presented in abstract form, with no full-text study 

available at the time this review was conducted (Durà Mata et al., 2018; 

Kaleita et al., 2006; Taylor et al., 2020).  

 

 

3.3.4 Included studies 

To facilitate comparison between studies, the 35 studies are grouped here 

into pharmacological (n=14, 40.0%) and non-pharmacological (n=21, 60.0%) 

intervention studies. 

 

 

3.3.4.1 Pharmacological studies 

Of the 14 pharmacological intervention studies identified, 11 were 

randomised (Boele et al., 2013; Brown et al., 2013; Butler et al., 2007; Chen 

et al., 2019; Gehring et al., 2012; Kaleita et al., 2006; Laigle-Donadey et al., 

2019; B. R. Page et al., 2015; Peng et al., 2016; Porter et al., 2022; Rapp et 

al., 2015) and three were non-randomised (Attia et al., 2012; Meyers et al., 

1998; E. G. Shaw et al., 2006). The pharmacological interventions evaluated 

included the central nervous system (CNS) stimulants modafinil (Boele et al., 

2013; Gehring et al., 2012; Kaleita et al., 2006), d-threo-methylphenidate HCl 

(d-MPH) (Butler et al., 2007), methylphenidate (Gehring et al., 2012; Meyers 

et al., 1998), dexamphetamine (Laigle-Donadey et al., 2019), and armodafinil 

(B. R. Page et al., 2015; Porter et al., 2022), the local anaesthetic agent 

lidocaine (Peng et al., 2016), the cholinesterase inhibitor donepezil (Rapp et 

al., 2015; E. G. Shaw et al., 2006), the N-Methyl-D-aspartate receptor 

antagonist memantine (Brown et al., 2013), and the Chinese traditional herb 

medicines gingko bilboa (Attia et al., 2012) and shenqi fuzheng (Chen et al., 

2019). The comparator arm was placebo in eight of the 11 randomised 

pharmacological intervention studies (Boele et al., 2013; Brown et al., 2013; 
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Butler et al., 2007; Laigle-Donadey et al., 2019; B. R. Page et al., 2015; 

Peng et al., 2016; Porter et al., 2022; Rapp et al., 2015); in the three 

remaining studies, there was no placebo and the comparators were either 

methylphenidate and modafinil (Gehring et al., 2012), two different doses of 

modafinil (Kaleita et al., 2006), or there was no comparator at all (Chen et al., 

2019). In three studies, pre-existing subjective or objective cognitive 

impairment was a criterion for inclusion in the study (Gehring et al., 2012; 

Kaleita et al., 2006; Meyers et al., 1998), hence these studies were cognitive 

deficit amelioration (as opposed to prevention) studies. A further two studies 

evaluated the use of donepezil in patients who received cranial irradiation at 

least six months prior (Rapp et al., 2015; E. G. Shaw et al., 2006), and can 

thus also be considered amelioration studies. 

 

Study sample sizes ranged from 30 (Kaleita et al., 2006) to 297 (Porter et al., 

2022). Seven were multicentre (Boele et al., 2013; Brown et al., 2013; Butler 

et al., 2007; Laigle-Donadey et al., 2019; B. R. Page et al., 2015; Porter et 

al., 2022; Rapp et al., 2015) and seven were single centre (Attia et al., 2012; 

Chen et al., 2019; Gehring et al., 2012; Kaleita et al., 2006; Meyers et al., 

1998; Peng et al., 2016; E. G. Shaw et al., 2006) studies. Participant ages 

were broadly similar across all studies, with average ages across all studies 

in the fifth or sixth decade of life. Sex data were available for all studies, and 

most studies were relatively well-balanced. Ethnicity data were available for 

eight of the studies (Attia et al., 2012; Brown et al., 2013; Butler et al., 2007; 

B. R. Page et al., 2015; Peng et al., 2016; Porter et al., 2022; Rapp et al., 

2015; E. G. Shaw et al., 2006). Loss to follow-up and study withdrawal was 

common. Indeed, accrual to the Butler et al. (Butler et al., 2007) study was 

slower than anticipated, resulting in premature closure of the study due to 

withdrawal of support from the sponsoring drug company. Adverse effects of 

the interventions were reported in most studies.  

 

Most studies included patients with two or more pathologies, often gliomas 

combined with other pathologies, including meningiomas (Boele et al., 2013; 

Kaleita et al., 2006; Laigle-Donadey et al., 2019; B. R. Page et al., 2015; 

Peng et al., 2016; E. G. Shaw et al., 2006), metastatic brain tumours (Butler 
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et al., 2007; Rapp et al., 2015), CNS lymphoma (Kaleita et al., 2006; Laigle-

Donadey et al., 2019), and medulloblastoma (Laigle-Donadey et al., 2019; 

Meyers et al., 1998; E. G. Shaw et al., 2006). Two studies included only 

patients with brain metastases (Brown et al., 2013; Chen et al., 2019). 

Patients in the studies had received varying treatments including surgery, 

radiotherapy, and/or chemotherapy. One study included patients undergoing 

prophylactic cranial irradiation (Rapp et al., 2015). One study measured 

cognition using a single general cognitive screening tool (Mini-Mental State 

Examination (Butler et al., 2007)), whereas most of the remaining studies 

used a more comprehensive battery of neuropsychological tests (although 

there was much variability in the specific tests used between studies). Timing 

of post-intervention assessments varied, with follow-up assessments 

continued to 4 weeks (B. R. Page et al., 2015) or 6 months (Chen et al., 

2019) after radiotherapy; 30 days (Gehring et al., 2012), 8 weeks (Porter et 

al., 2022), 12 weeks/3 months (Boele et al., 2013; Butler et al., 2007; Kaleita 

et al., 2006; Laigle-Donadey et al., 2019), 24 weeks (Rapp et al., 2015), 30 

weeks (Attia et al., 2012; E. G. Shaw et al., 2006), or 6 months after surgery 

(Peng et al., 2016); or 52 weeks after commencing the study drug (Brown et 

al., 2013). In one study, the timing of cognitive testing post-baseline was not 

explicitly specified (Meyers et al., 1998). In six studies, outcome 

assessments were performed by individuals blind to the participantsô 

treatment (Boele et al., 2013; Brown et al., 2013; Laigle-Donadey et al., 

2019; B. R. Page et al., 2015; Porter et al., 2022; Rapp et al., 2015); in the 

remainder, either no blinding of outcome assessments was performed or no 

information was provided. 

 

 

3.3.4.2 Non-pharmacological studies 

Of the 21 non-pharmacological studies identified, 11 were randomised (Durà 

Mata et al., 2018; Gehring et al., 2009, 2020; Hulshof et al., 2002; Locke et 

al., 2008; Richard et al., 2019; Taylor et al., 2020; Van Der Linden et al., 

2021; Voss et al., 2022; Yang et al., 2014; Zucchella et al., 2013) and 10 

were non-randomised (S. E. Braun et al., 2021; E. Y. Han et al., 2015; 
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Hassler et al., 2010; Hojan & Gerreth, 2020; Maschio et al., 2015; Miotto et 

al., 2013, 2014; Sacks et al., 2015; Schellart et al., 2011; Yu et al., 2019). 

Most of the non-pharmacological studies evaluated cognitive training or 

rehabilitation programmes (S. E. Braun et al., 2021; Durà Mata et al., 2018; 

Gehring et al., 2009; E. Y. Han et al., 2015; Hassler et al., 2010; Locke et al., 

2008; Maschio et al., 2015; Miotto et al., 2013, 2014; Richard et al., 2019; 

Sacks et al., 2015; Taylor et al., 2020; Van Der Linden et al., 2021; Yang et 

al., 2014; Zucchella et al., 2013). The cognitive rehabilitation was delivered 

through a range of modalities, including computer programs and virtual 

reality. Other interventions studied included aerobic exercise (Gehring et al., 

2020), hyperbaric oxygen (Hulshof et al., 2002; Schellart et al., 2011), 

ketogenic diet with intermittent fasting (Voss et al., 2022), and broad 

multidisciplinary rehabilitation (Hojan & Gerreth, 2020; Yu et al., 2019). Due 

to the nature of the non-pharmacological interventions, a placebo 

intervention was not described in studies. Comparator groups comprised of 

care-as-usual (Durà Mata et al., 2018; Locke et al., 2008; Zucchella et al., 

2013), wait-list control group (Gehring et al., 2009; Richard et al., 2019; Van 

Der Linden et al., 2021), delayed hyperbaric oxygen treatment (Hulshof et 

al., 2002), active control (Gehring et al., 2020; Richard et al., 2019; Taylor et 

al., 2020; Yang et al., 2014), standard diet (Voss et al., 2022), healthy 

controls (Miotto et al., 2014; Schellart et al., 2011), and stroke patients 

receiving the same rehabilitation intervention (E. Y. Han et al., 2015; Yu et 

al., 2019). Six non-randomised studies did not include a comparator group. 

In nine of the 21 non-pharmacological intervention studies, pre-existing 

subjective or objective cognitive impairment was a criterion for inclusion in 

the study (S. E. Braun et al., 2021; Hulshof et al., 2002; Locke et al., 2008; 

Richard et al., 2019; Sacks et al., 2015; Schellart et al., 2011; Taylor et al., 

2020; Yang et al., 2014; Zucchella et al., 2013), hence these studies 

evaluated cognitive deficit amelioration (as opposed to prevention). 

 

The sample sizes of the non-pharmacological studies included in this review 

ranged from 3 (Sacks et al., 2015) to 143 (Yu et al., 2019). Five of the 21 

studies were multi-centre (Gehring et al., 2009, 2020; Hassler et al., 2010; 

Van Der Linden et al., 2021; Voss et al., 2022), and the remainder were 
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single centre studies (S. E. Braun et al., 2021; Durà Mata et al., 2018; E. Y. 

Han et al., 2015; Hassler et al., 2010; Hulshof et al., 2002; Locke et al., 2008; 

Maschio et al., 2015; Miotto et al., 2013, 2014; Richard et al., 2019; Sacks et 

al., 2015; Schellart et al., 2011; Taylor et al., 2020; Yang et al., 2014; Yu et 

al., 2019; Zucchella et al., 2013). The mean/median ages of participants in 

the non-pharmacological intervention studies were similar to the 

pharmacological intervention studies (fifth and sixth decades of life), although 

participant ages were not reported in one study (Durà Mata et al., 2018). Sex 

of participants was not reported in two of the studies (Durà Mata et al., 2018; 

Voss et al., 2022), but where it was, there was reasonable sex balance in 

most studies. Ethnicity data were available for six of the studies (S. E. Braun 

et al., 2021; Hassler et al., 2010; Miotto et al., 2013, 2014; Schellart et al., 

2011; Yu et al., 2019). Like the pharmacological intervention studies, loss to 

follow-up and study withdrawal was common in the included studies. 

 

Some of the included non-pharmacological studies recruited solely glioma 

patients (Durà Mata et al., 2018; Gehring et al., 2009, 2020; Hassler et al., 

2010; Miotto et al., 2014; Sacks et al., 2015; Taylor et al., 2020; Voss et al., 

2022), and others included multiple pathologies including ependymoma 

(Hojan & Gerreth, 2020; Hulshof et al., 2002), subependymoma (Hojan & 

Gerreth, 2020), medulloblastoma (Hulshof et al., 2002), neuroblastoma 

(Hulshof et al., 2002), meningioma (Hojan & Gerreth, 2020; Locke et al., 

2008; Maschio et al., 2015; Miotto et al., 2013; Richard et al., 2019; Schellart 

et al., 2011; Van Der Linden et al., 2021; Yang et al., 2014; Zucchella et al., 

2013), craniopharyngioma (S. E. Braun et al., 2021), brain metastases 

(Maschio et al., 2015; Schellart et al., 2011; Yang et al., 2014), and non-

Hodgkin lymphoma (Schellart et al., 2011). Like the studies evaluating 

pharmacological interventions, those evaluating non-pharmacological 

intervention included patients that had received varying treatments including 

surgery, radiotherapy, and/or chemotherapy. Although many of the studies 

used a combination of several cognitive tests spanning multiple cognitive 

domains, some studies relied on the use of a single cognitive measure such 

as the MMSE (Yang et al., 2014), Addenbrookeôs Cognitive Examination III 

(Hojan & Gerreth, 2020), or Repeatable Battery for the Assessment of 
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Neuropsychological Status (R-BANS) (Locke et al., 2008); in the latter study, 

the R-BANS was not completed by most patients at follow-up and thus no 

longer-term follow-up data were provided. One study, published in abstract 

form, did not describe the specific cognitive tests used (Durà Mata et al., 

2018). Like the pharmacological intervention studies, timing of cognitive 

assessments post-intervention varied for the non-pharmacological 

intervention studies. Studies continued assessments to four weeks post-

baseline (Zucchella et al., 2013) or at the end of the four-week rehabilitation 

(E. Y. Han et al., 2015), one month after radiation therapy (Voss et al., 2022) 

or rehabilitation treatment (Yang et al., 2014), more than one month after 

admission (Yu et al., 2019), three months (Locke et al., 2008; Sacks et al., 

2015) (although cognitive assessment data were not provided at follow-up in 

the Locke et al. study [see óRisk of biasô section below]), four months post-

intervention (Richard et al., 2019; Schellart et al., 2011), 12 weeks (Hassler 

et al., 2010; Hojan & Gerreth, 2020), six months (S. E. Braun et al., 2021; 

Gehring et al., 2009, 2020; Hulshof et al., 2002; Maschio et al., 2015; Taylor 

et al., 2020), seven months after surgery (Durà Mata et al., 2018), and one 

year post-surgery (Van Der Linden et al., 2021). In eight studies, outcome 

assessments were performed by individuals blind to the participantsô 

treatment (Gehring et al., 2009; E. Y. Han et al., 2015; Hassler et al., 2010; 

Miotto et al., 2013, 2014; Richard et al., 2019; Van Der Linden et al., 2021; 

Zucchella et al., 2013); in the remainder, either no blinding of outcome 

assessments was performed or no information was provided. 

 

 

3.3.5 Risk of bias 

As the risk of bias tools used were contingent on the study design, the 

results are separated according to whether the study was randomised 

(assessed using the Cochrane Risk of Bias 2 tool) or non-randomised 

(assessed using the NHLBI Quality Assessment Tool for Before-After (Pre-

Post) Studies With No Control Group). Results of the risk of bias 

assessments are described below, showing that many of the included 

studies were at high risk of bias. 
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3.3.5.1 Randomised studies 

Of the 22 randomised studies evaluated using the Cochrane Risk of Bias 2 

tool, only four were found to have a low risk of bias overall (Figure 3-2) 

(Boele et al., 2013; Brown et al., 2013; Porter et al., 2022; Rapp et al., 2015). 

Thirteen of the 20 studies were found to have a high risk of bias overall 

(Chen et al., 2019; Durà Mata et al., 2018; Gehring et al., 2012, 2020; 

Hulshof et al., 2002; Kaleita et al., 2006; Locke et al., 2008; B. R. Page et al., 

2015; Peng et al., 2016; Taylor et al., 2020; Van Der Linden et al., 2021; 

Voss et al., 2022; Yang et al., 2014), and five with some concerns overall 

(Butler et al., 2007; Gehring et al., 2009; Laigle-Donadey et al., 2019; 

Richard et al., 2019; Zucchella et al., 2013). The domain with the most óhigh-

riskô ratings across all studies was óbias in measurement of the outcomeô 

(41% of the 22 randomised studies), followed by óbias due to missing 

outcome dataô (36%), óbias due to deviations from intended interventionsô 

(32%), óbias arising from the randomisation processô (23%), and óbias in 

selection of the reported resultô (9%; Figure 3-3).  
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Figure 3-2: Results of the risk of bias assessment of the randomised studies 
Studies are presented in order of the first authorôs surname. The risk of bias assessment for 
randomised studies was performed using the Cochrane Risk of Bias assessment tool. 
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Figure 3-3: Results of the risk of bias assessment of the randomised studies separated by Cochrane 
Risk of Bias domain 

 

 

Regarding domain 1, bias arising from the randomisation process, five 

studies were considered óhigh riskô (Chen et al., 2019; Gehring et al., 2012, 

2020; Locke et al., 2008; Van Der Linden et al., 2021): two due to an open-

label design (Gehring et al., 2012, 2020) and one due to a lack of blinding of 

researchers who assigned participants to the intervention  (Van Der Linden et 

al., 2021). In one study, some participants were not randomised due to low 

study accrual and allocated directly to an intervention group (Locke et al., 

2008). No detailed information was provided about the randomisation 

process in one study (Chen et al., 2019). 

 

There were seven high-risk studies for domain 2 (bias due to deviations from 

intended intervention) (Chen et al., 2019; Durà Mata et al., 2018; Gehring et 

al., 2012, 2020; Hulshof et al., 2002; Kaleita et al., 2006; Taylor et al., 2020). 

This was due to the study having an open-label design or it being impossible 

to blind participants due to the nature of the intervention  (Chen et al., 2019; 

Durà Mata et al., 2018; Gehring et al., 2012, 2020; Hulshof et al., 2002; 

Taylor et al., 2020) and lack of information provided about deviations from 

the intended intervention that may have arisen due to the trial context (Chen 

et al., 2019; Durà Mata et al., 2018; Kaleita et al., 2006; Taylor et al., 2020). 

 

High risk of bias due to missing outcome data, characterised in domain 3, 

was identified in eight studies (Chen et al., 2019; Durà Mata et al., 2018; 

Gehring et al., 2012; Kaleita et al., 2006; B. R. Page et al., 2015; Taylor et 

al., 2020; Voss et al., 2022; Yang et al., 2014). Data were reported as 
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missing for Ò5% participants in 3 (14%) of the 22 randomised studies, >5% 

participants in 14 (64%) studies, and no information was provided on the 

proportion of missing data for five (23%) studies. Eleven of the 14 studies 

with >5% missing outcome data were not classified as óhigh riskô as there 

was evidence that the results were not biased by missing data (Boele et al., 

2013; Brown et al., 2013; Porter et al., 2022; Rapp et al., 2015) or the 

risk/likelihood that the missingness of the data depended on its true value 

was low (Butler et al., 2007; Hulshof et al., 2002; Laigle-Donadey et al., 

2019; Locke et al., 2008; Peng et al., 2016; Van Der Linden et al., 2021; 

Zucchella et al., 2013). Five studies provided no information relating to the 

domain and were thus classified as being at high risk of bias (Chen et al., 

2019; Durà Mata et al., 2018; Kaleita et al., 2006; Taylor et al., 2020; Yang et 

al., 2014). 

 

Nine studies were evaluated as being high risk in relation to measurement of 

the outcome (domain 4) (Butler et al., 2007; Chen et al., 2019; Locke et al., 

2008; Peng et al., 2016; Voss et al., 2022). In five of these studies, only one 

or two cognitive tests were used to evaluate cognitive function, insufficient to 

fully evaluate cognitive function (Butler et al., 2007; Chen et al., 2019; Locke 

et al., 2008; Peng et al., 2016; Voss et al., 2022); for example, one study  

relied on the MMSE alone as an outcome measure (Butler et al., 2007), 

which is unlikely to provide a valid and comprehensive assessment of 

cognition on its own (Racine et al., 2015). Furthermore, in one of these 

studies (Locke et al., 2008) no follow-up cognitive data were presented as 

most participants did not return in-person for follow up, precluding them from 

completing the cognitive test used in that study (R-BANS). Two studies were 

considered high risk due to the outcome assessors being aware of the 

intervention received and it was felt likely that knowledge of the intervention 

influenced outcome assessment (Gehring et al., 2020; Hulshof et al., 2002), 

and in three studies insufficient information was provided about the blinding 

status of outcome assessors (Chen et al., 2019; Durà Mata et al., 2018; 

Kaleita et al., 2006). 
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Only two studies were classified as high risk for domain 5 of the Risk of Bias 

2 tool, relating to bias in selection of the reported result (Locke et al., 2008; 

Peng et al., 2016). For one of the two studies (Peng et al., 2016), there was 

a discrepancy between the ClinicalTrials.gov entry and manuscript regarding 

the outcome measures reported, and the manuscript stated the use of post 

hoc analyses. The other study (Locke et al., 2008) was considered high risk 

due to the aforementioned issues relating to the lack of follow-up cognitive 

data being reported. There were some concerns in this domain for 12 (55%) 

of the 22 randomised studies. 

 

 

3.3.5.2 Non-randomised studies 

Of the 13 non-randomised studies included in this systematic review, three 

were assessed as having an overall rating of ópoorô using the NHLBI Quality 

Assessment Tool for Before-After (Pre-Post) Studies With No Control Group 

(Hojan & Gerreth, 2020; Sacks et al., 2015; Schellart et al., 2011), and the 

remainder were assessed as having an overall rating of ófairô (Figure 3-4) 

(Attia et al., 2012; S. E. Braun et al., 2021; E. Y. Han et al., 2015; Hassler et 

al., 2010; Maschio et al., 2015; Meyers et al., 1998; Miotto et al., 2013, 2014; 

E. G. Shaw et al., 2006; Yu et al., 2019); thus, none of the included studies 

were evaluated as ógoodô overall.  
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Figure 3-4: Results of the risk of bias assessment of the non-randomised studies 
Studies are presented in order of the first authorôs surname. The risk of bias assessment for non-randomised studies was performed using the National Heart, Lung, 
and Blood Institute (NHLBI) Quality Assessment Tool for Before-After (Pre-Post) Studies With No Control Group. 
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Across the 12 questions addressed using this tool, the highest proportion of 

óNoô responses (indicating a higher risk of bias) were found in response to 

question 11 (ñWere outcome measures of interest taken multiple times 

before the intervention and multiple times after the intervention (i.e., did they 

use an interrupted time-series design)?ò) in 13 (100%) studies, as none of 

the studies performed outcome assessments more than once before the 

intervention (Figure 3-5). The question with the second highest óNoô response 

was question 5 (ñWas the sample size sufficiently large to provide confidence 

in the findings?ò) in nine (69.2%) studies, followed by question 4 (ñWere all 

eligible participants that met the prespecified entry criteria enrolled?ò) in 6 

(46.2%) studies, and question 9 (ñWas the loss to follow-up after baseline 

20% or less? Were those lost to follow-up accounted for in the analysis?ò) in 

5 (38.5%) studies. Only one question, question 6 (ñWas the 

test/service/intervention clearly described and delivered consistently across 

the study population?ò) had a response of óYesô across all 13 studies. All but 

one study was evaluated as óYesô in response to question 7 (ñWere the 

outcome measures prespecified, clearly defined, valid, reliable, and 

assessed consistently across all study participants?ò) (Yu et al., 2019). 

Question 12 (ñIf the intervention was conducted at a group level (e.g., a 

whole hospital, a community, etc.) did the statistical analysis take into 

account the use of individual-level data to determine effects at the group 

level?ò) was determined as being not applicable to any of the studies. None 

of the remaining questions were deemed ónot applicableô in any of the 13 

studies. 

 

 

Figure 3-5: Results of the risk of bias assessment of the non-randomised studies, separated by 
specific question  
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3.3.6 Effects of interventions 

The study interventions, comparisons, outcome measures, and reporting 

were too heterogenous to pool data. Thus, the results of included studies are 

reported separately. A summary of the studies is now provided, with effect 

sizes provided where reported. 

 

  

3.3.6.1 Pharmacological studies 

Attia et al. (2012) evaluated the effect of 120 mg ginkgo biloba administered 

daily for 24 weeks, followed by a washout period of six weeks, on cognitive 

function, QOL, and mood in irradiated brain tumour patients recruited from a 

US centre. There was no randomisation of participants, but participants 

served as their own control in this open-label study. The specific brain 

tumour sub-types and number of patients that received chemotherapy were 

not specified, but all participants had received partial or whole brain 

radiotherapy at least six months prior to enrolment, had no imaging evidence 

of tumour progression in the preceding three months, were on stable or 

reducing doses of steroid therapy, and had no brain tumour treatment 

planned during the course of the study. Rates of steroid and anti-epileptic 

drug use were not reported. Of the 34 participants enrolled, 19 (55.9%) 

completed 24 weeks of treatment. Cognition was evaluated using a battery of 

tests covering global cognitive functioning, attention and concentration, 

visuoconstructional skills, verbal fluency, executive function, verbal learning 

and memory, and figural memory. Following 24 weeks of treatment, time 

taken to complete the Trial Making Test part A (TMT-A) had significantly 

decreased (p=0.002). Trail Making Test part B (TMT-B) performance also 

improved significantly from 24 to 30 weeks, but TMT-A performance did not. 

Immediate and delayed recall scores on the Modified Rey-Osterrieth Figure 

also significantly improved (p<0.001 and p=0.002, respectively), with a trend 

toward significance for the California Verbal Learning Test-II Short-Delay 

Free recall. There were no significant changes identified in measures of 

global cognitive function (MMSE), verbal fluency (F-A-S Test), 
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attention/concentration and working memory (Digit Span Test Total), or in 

Long-Delay Free Recall of the California Verbal Learning Test-II. 

 

Boele et al. (2013) investigated the effects of the psychostimulant modafinil 

on fatigue, health-related QOL, depression, and cognitive outcomes in a 

double-blind, placebo-controlled randomised study of 37 patients with 

primary brain tumours recruited from three Dutch institutions. The tumour 

types of participants included LGG (37.8%), meningioma (32.4%), and HGG 

(29.7%). Prior radiotherapy and chemotherapy were received in 43.2% and 

21.6% of participants at some point, respectively, and although a criterion for 

study inclusion was no evidence of tumour recurrence in the preceding 6 

months, 5.4% of participants experienced disease progression during the 

study intervention. No data on steroid use of participants were provided, but 

54.1% of participants were receiving anti-epileptic therapy. Modafinil was 

administered as a 200 mg daily dose, increased to 400 mg after one week 

and, following a washout period of one week, the opposite treatment was 

initiated (i.e., those receiving modafinil then received placebo). Cognition 

was assessed using tests covering verbal memory, working memory, 

attentional functioning, information processing, executive functioning, and 

psychomotor speed, and six cognitive domains were formed based on a 

principal component analysis. Scores were found to not differ between the 

experimental conditions. Compared to baseline, patients improved after 

treatment with both modafinil and placebo in the domains of working memory 

(p=0.040 and 0.043, respectively) and information processing (p=0.036 and 

0.040, respectively). Attentional functioning scores were also noted to 

significantly improve after placebo (p=0.015) and modafinil treatment 

(p=0.013) compared with baseline. 

 

Brown et al. (2013) evaluated the effects of memantine, which acts on the 

glutamatergic system as an N-methyl-D-aspartate receptor antagonist, in a 

large double-blind, placebo-controlled study of 554 randomised patients with 

brain metastases recruited from 143 centres in the United States and 

Canada. Stable systemic disease in the 3 months preceding study entry was 

required for participation in the study. The primary tumour sites of the 508 
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randomised patients that were eligible for study participation included lung 

(69.9%), breast (14.8%), colon (1.0%), and other (14.4%). Prior 

chemotherapy was administered in 44.7% of participants, and 65.0% and 

26.6% were receiving steroids and whole brain radiotherapy at study entry, 

respectively. Rates of anti-epileptic medication use were not reported. 

Participants were randomised to receive either placebo or memantine (20 mg 

daily) within 3 days of initiating radiotherapy and continuing for 24 weeks. 

Imputation was conducted for participants with missing assessments who 

had not withdrawn from the study as a result of death. Cognitive tests 

administered included tests of memory (Hopkins Verbal 

Learning Test-Revised [HVLT-R]), processing speed (TMT-A), executive 

function (TMT-B), verbal fluency (Controlled Oral Word Association Test 

[COWAT]), and global cognitive function (MMSE). Mean cognitive decline 

was reported for 280 participants at 8, 16, and 24 weeks. The primary 

endpoint was HVLT-R Delayed Recall score at 24 weeks. There was less 

decline in delayed recall in the intervention arm of the study at 24 weeks, but 

the difference between groups did not reach statistical significance 

(p=0.059); this was attributed to attrition. A secondary endpoint, time to 

cognitive decline, was significantly longer in  the memantine arm (hazard ratio 

[HR] 0.78, 95% confidence interval [CI] 0.62ï0.99, p=0.01); the probability of 

cognitive function failure (defined as a posttreatment score that was either at 

least two standard deviations worse than the patientôs personal baseline 

score or a raw score change greater than the reliable change index [RCI]) at 

24 weeks was 53.8% in the memantine arm and 64.9% in the placebo arm. A 

cognitive functioning composite score was also calculated and the median 

change was -0.41 (interquartile range -1.30 to 0.12) in the control group and 

-0.03 (-0.90 to 0.72) in the intervention group at 24 weeks (p=0.02). This 

indicated a stability of cognitive function in the intervention group and a 

decline in the control group. Those in the memantine arm also had superior 

executive function at 8 and 16 weeks, and processing speed and delayed 

recognition at 24 weeks. The most common adverse events were fatigue, 

alopecia, nausea, and headache, but no difference was observed in the 

adverse events reported between groups (risk ratio 1.00; 95% CI 0.76ï1.32). 

A notable study finding was that more memantine group participants were 
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receiving steroids at study entry than the control group (p=0.05); this could 

indicate more symptoms and mass effect from brain metastases in the 

memantine group, and thus could have led to a worse cognitive outcome at 

this time point, although the difference in steroid use was not maintained 

over time. 

 

Butler et al. (2007) evaluated the effect of d-MPH compared to placebo on 

fatigue, QOL, and cognition in patients with metastatic or primary brain 

tumours undergoing partial or whole-brain radiotherapy. Sixty-eight patients 

were randomised (34 in each arm) to this double-blind phase III US study, of 

whom 49% had primary brain tumours and the remainder had metastatic 

brain tumours; details on specific subtypes were not provided. Twenty-five 

percent of participants received chemotherapy, but the number of 

participants on steroid or anti-epileptic therapy was not provided. The study 

was terminated early due to low accrual. A single measure of global cognitive 

function was administered (MMSE). No significant difference in global 

cognition was observed between the two arms at 8 weeks following 

treatment or indeed across the entire follow-up period that spanned up to 12 

weeks post-radiotherapy.  

 

Chen et al. (2019) compared the daily injection of 250 ml shenqi fuzheng, a 

Chinese traditional herb medicine, for four weeks combined with 

radiotherapy to radiotherapy alone in 100 patients with brain metastases 

recruited from a single centre in China; blinding of participants was therefore 

not possible. All patients had brain metastases from lung primary disease, 

and the underlying primary pathology was adenocarcinoma in 80%, 

squamous cell carcinoma in 5%, and small cell lung cancer in 15%. 

Participant withdrawals and chemotherapy, steroid therapy, or anti-epileptic 

medication use were not described in the published manuscript. Results 

were reported at baseline and 3 months, 6 months, 9 months, and 12 months 

after commencing radiotherapy for 100 participants; 58 in the control group 

and 48 in the shenqi fuzheng injection group, with no participants reported as 

being lost to follow-up. The study presented the results of the neurocognitive 

testing, which was obtained through administration of the MMSE and 
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Montreal Cognitive Assessment (MoCA), in graphical form with no numerical 

or statistical data presented in text form in either the manuscript text or 

tables. Serum levels of inflammatory markers were also evaluated. The 

authors described that total MMSE scores declined over time, principally in 

scores of memory ability and verbal ability. Memory ability, as assessed 

through the MoCA, was described as dropping significantly, reaching the 

lowest point at six months and then levelling off. Slight declines were 

reported in executive capabilities and orientation forces, whereas naming, 

calculative, verbal and orientation abilities did not show any significant 

changes over the study period. Total MoCA scores were also reported to 

decline and reached their lowest point at six months. Participants in the 

intervention group were reported as having less of a decline in scores 

following radiotherapy. Radiotherapy was described as primarily affecting 

participantsô memory ability. No adverse events were reported in the study's 

manuscript. Testing of serum inflammatory markers also showed that 

transforming growth factor-b1 and tumour necrosis factor-alpha levels 

increased shortly after radiation therapy and decreased one month later, and 

this change was more apparent in the intervention group. Serum interleukin-

10 levels increased after radiotherapy and remained high one month later in 

both trial arms, with levels being higher in the intervention group. The 

authors suggested that the regulation of inflammatory factors by shenqi 

fuzheng has a role in the alleviation of radiotherapy-induced brain injury. 

 

Gehring et al. (2012), in a randomised, open-label trial, compared the effects 

of two central nervous system (CNS) stimulants on cognitive function and 

symptoms in 34 randomised primary brain tumour patients recruited from 11 

Dutch hospitals through three treatment arms: immediate-release 

methylphenidate, sustained-release methylphenidate, and modafinil. Most 

(88%) of the participants had a World Health Organization grade IIïIV 

glioma, with the remainder including medulloblastoma (4%), primary CNS 

lymphoma (4%), and haemangiopericytoma (4%). A history of chemotherapy 

and radiotherapy treatment was confirmed in 88% and 83%, respectively, but 

data on steroid and anti-epileptic use were not provided. An inclusion 

criterion of the study was the subjective complaint of cognitive decline or 
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fatigue by participants. Patients with tumour progression were excluded. A 

battery of cognitive tests, including measures of attention, processing speed, 

memory, and executive function, was reported for 24 of the 34 randomised 

participants up to a median of 30 days after treatment. The two 

methylphenidate arms (immediate- and sustained-release methylphenidate) 

were combined during analysis of the study data owing to low participant 

accrual. Improvement in Digit Symbol and TMT-B scores and deterioration in 

COWAT and HVLT-R Delayed Recognition scores at the group level were 

observed after stimulant treatment, with the deterioration not associated with 

radiographic evidence of disease progression. Group scores differed in Digit 

Span and TMT-A according to stimulant group. At the individual level, 32% of 

patients improved in TMT-B scores following stimulant treatment, and this 

was significant according to the binomial test corrected for practice effects; 

however, no statistically significant rate of improvement was found for any of 

the other cognitive tests. Furthermore, the proportion of patients with score 

improvements did not differ between the two stimulant groups. It was also 

noted that patients with lower baseline scores experienced a greater 

improvement in TMT-B scores only (p<0.001). 

 

Kaleita et al. (2006), in a study published as a conference abstract only, 

compared the cognitive effects of two different doses of modafinil (200 or 400 

mg/day) in 30 patients with brain tumours in a double-blind dose-controlled 

randomised US study. Participants received the assigned treatment for 3 

weeks, followed by a 1-week washout period and an 8-week open label 

extension. The tumour types of included participants comprised of LGG 

(33%), anaplastic glioma (33%), glioblastoma multiforme (27%), meningioma 

(3%), and CNS lymphoma (3%). A history of radiotherapy and chemotherapy 

was confirmed in 87% and 70% of participants, respectively. Rates of steroid 

and anti-epileptic use in participants, as well as disease stability prior to 

enrolment, were not provided. A cognitive test battery covering the domains 

of executive function, attention and decision-making, and verbal fluency was 

administered to 30 participants at baseline, and following eight and 12 weeks 

of drug use. The authors noted, compared to baseline, a significant 

improvement at 12 weeks across all cognitive tests; TMT-A (p=0.002), TMT-
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B (p<0.0001), Verbal Fluency (p=0.002), and Symbol Digit Modalities-Oral 

(p=0.006) and -Manual (p=0.004). In addition, significant differences were 

noted at eight weeks for all tests. 

 

Laigle-Donadey et al. (2019), in a double-blind randomised trial, assessed 

the efficacy and tolerability of 30 mg/day dexamphetamine compared to 

placebo in 46 primary brain tumour patients complaining of severe fatigue. 

Participants were recruited from 7 centres in France and included tumour 

types comprised of WHO grade IV glioma (41.5%), WHO grade III glioma 

(34.1%), WHO grade II glioma (7.3%), CNS lymphoma (9.8%), and 

medulloblastoma (7.3%). None of the patients had evidence of progressive 

disease at enrolment, and 90.2% and 92.7% had been previously treated 

with radiotherapy and chemotherapy, respectively. The proportion of 

participants receiving steroid or anti-epileptic therapy was not documented. 

Of the 46 enrolled patients, 41 (22 in the intervention arm and 19 in the 

control arm) underwent a cognitive test battery at baseline and three months, 

which comprised tests of global cognitive function, processing speed, verbal 

fluency, executive function, attention, concentration, visual-motor speed, 

verbal learning, and episodic memory. No significant difference was 

identified in any of the neurocognitive parameters. 

 

Meyers et al. (1998), in a non-randomised study, evaluated whether 

methylphenidate would improve neurobehavioural function in primary brain 

tumour patients recruited from a single US centre. Patients had either 

anaplastic glioma (77%), glioblastoma (20%), or medulloblastoma (3%). 

Although the proportion of patients on chemotherapy, steroid therapy, or anti -

epileptic drugs was not specified, 93% had received prior radiotherapy, and 

37% were on óactive treatmentô (undefined by the authors). A dose escalation 

study was performed, commencing at 10 mg daily, increased by 10 mg daily 

every two weeks until a response was achieved or there was dose-limiting 

toxicity. There was no control group. Cognition was evaluated at baseline 

and on-treatment (timing not specified) through a battery of tests evaluating 

the domains of attention, graphomotor speed, memory, verbal fluency, visuo-

motor scanning speed, and executive function. Data were available for 30 of 
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the 44 patients enrolled. Mean test scores indicated significant improvements 

in memory, executive function, visual-motor function, psychomotor speed, 

and motor speed and dexterity. There was no relationship identified between 

mood and cognition. 

 

Page et al. (2015) evaluated the role of armodafinil in reducing fatigue in 54 

primary brain tumour patients undergoing radiotherapy in a double-blind, 

placebo-controlled randomised phase II study, with secondary outcomes 

including toxicity/adverse events, QOL, and cognition. Twenty-six patients 

recruited from multiple community and academic institutions in the US were 

randomised to receive armodafinil 150 mg daily and 28 to placebo during 

radiotherapy and for an additional four weeks. Tumour histology in the 

participants included glioblastoma (61.1%), meningioma (13.0%), and others 

26.0%). At baseline, 20.4% of participants had received chemotherapy, 

55.6% had received steroid therapy, and 53.7% had received anti-epileptic 

drugs. Cognition was evaluated at baseline, end of radiotherapy, and four 

weeks post-radiotherapy using a battery of tests: the Verbal Fluency-

Category (VF-C) (Animals), HVLT-R, TMT-A, TMT-B, and Digit Span Test-

Backwards. No significant differences were observed between treatment 

arms at the end of radiotherapy or four weeks later in any of the cognitive 

tests. Furthermore, armodafinil did not improve neurocognitive outcomes in 

the subsets of participants with high or low levels of fatigue at baseline. 

 

Peng et al. (2016), in a double-blind, randomised controlled trial, evaluated 

the effect of lidocaine administration on neuropsychological-cognitive decline 

following surgery in patients undergoing supratentorial tumour surgery at a 

single Chinese hospital. Patients were randomised to receive either 1.5 

mg/kg intravenous bolus of lidocaine followed by a 2 mg/kg/h infusion in 

0.9% saline until the end of surgery, or a bolus followed by 0.9% saline 

infusion. Of the 94 patients randomised, 80 were analysed (40 in each arm). 

Of these 80, 26.3% had WHO grade IïII gliomas, 20% had WHO grade IIIïIV 

gliomas, 43.8% had meningiomas, and 10% had other (unspecified) tumour 

types. Data on radiotherapy, chemotherapy, and anti-epileptic drug use were 

only provided for the postoperative period, and the rates were 18.8%, 21.3%, 
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and 31.3%, respectively. Data on steroid use were not provided. Cognition 

was evaluated using the MMSE and Information-Memory-Concentration test 

before surgery and up to 6 months after surgery. The incidence of cognitive 

decline postoperatively was not significantly different between the two 

groups. 

 

Porter et al. (2022), in a phase III, double-blind, randomised controlled trial, 

compared the efficacy in treating fatigue of two armodafinil doses (150 or 

250 mg daily) to placebo administered for 8 weeks in 297 patients with 

clinically stable high-grade (WHO grade III or IV) glioma. Participants were 

recruited from a total of 365 study sites in the US 1ï24 months after 

completing radiotherapy. Prior chemotherapy and corticosteroid use was 

reported in 80.8% and 39.7% of participants, respectively, but rates of anti -

epileptic medication use were not documented. Cognition at 8 weeks was a 

secondary objective. Patients were assessed using three cognitive measures 

(Symbol Digit Modalities Test, COWAT, and TMT) at baseline and at 4 and 8 

weeks of treatment. There were no statistically significant differences 

identified. 

 

Rapp et al. (2015) compared donepezil (initially 5 mg daily for 6 weeks, 

subsequently escalatedðif toleratedðto 10 mg daily for 18 weeks) with 

placebo in a phase III, double-blind, randomised controlled trial of 198 

irradiated brain tumour survivors recruited from 26 US sites. Most patients 

(65.7%) had a primary brain tumour (LGG, HGG, meningioma, or other), and 

the remainder had either brain metastasis (26.8%) or received prophylactic 

cranial irradiation (7.6%). Rates of chemotherapy, steroid, or anti-epileptic 

medication use were not reported. A lack of imaging evidence of disease 

progression in the 3 months preceding enrolment was an inclusion criterion 

for the study. Cognitive functioning was assessed using a battery of tests 

evaluating verbal learning and memory, visuomotor skills, immediate and 

delayed figure recall, attention, executive function, verbal fluency, and 

concentration and working memory. Cognitive composite scores (the primary 

outcome) did not differ significantly between groups at the end of the study 

(p=0.48), indicating the lack of an overall benefit of treatment on cognition. 
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Significant group differences favouring donepezil were observed for 

recognition memory (HVLT-R discrimination, p=0.007; HVLT-R recognition, 

p=.027). The benefits of donepezil were greater for those who were more 

cognitively impaired prior to study treatment. 

 

Shaw et al. (2006), in a prospective, open-label, phase II study, evaluated 

whether donepezil would improve cognitive function, QOL, and mood in 

irradiated brain tumour patients recruited from a single US centre. Patients 

had primary brain tumours, mostly LGGs, but the proportions of specific 

subtypes were not provided for the 24 of the 35 enrolled participants that 

were finally analysed. Donepezil 5 mg daily was administered to participants 

for six weeks, which was increased to 10 mg daily for 18 weeks if  tolerated 

followed by a six-week washout period. Participants served as their own 

controls. Chemotherapy, steroid, or anti-epileptic medication use were not 

reported. Only patients without imaging evidence of disease progression in 

the 3 months preceding enrolment were eligible for the study. Participants 

were evaluated using a battery of tests evaluating global cognition function, 

attention and concentration, visual-constructional skills, verbal fluency, 

executive function, verbal memory, and figural memory at baseline, 12, 24, 

and 30 weeks. After 24 weeks of treatment with donepezil, there were 

significant improvements in test scores across several cognitive domains 

including attention/concentration, figural memory, and verbal memory, as 

well as a trend toward significance for verbal fluency. However, no significant 

change was found for global cognitive function or executive function. 

 

 

3.3.6.2 Non-pharmacological studies 

Braun et al. (2021), in a non-randomised, single-arm, phase IIa proof-of-

concept study, aimed to evaluate the effects of CogMed Working Memory 

Training in patients with LGG and HGG recruited from a single US centre. 

Sixteen participants underwent five weeks of 50 minutes of online training 

five days per week. There was no control group. Participants were grouped 

according to the following diagnoses: oligodendroglioma (45%), glioblastoma 
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(30%), astrocytoma (15%), craniopharyngioma (5%), and LGG (5%). Half of 

participants were not on active treatment at baseline, and 85% had no 

history of disease progression at the time of enrolment. Radiotherapy and 

chemotherapy were previously administered to 90% and 95% of participants, 

respectively, but data on steroid or anti-epileptic use were not provided. A 

battery of cognitive tests, including tests of working memory screening, 

auditory/visual working memory, processing speed, and verbal and visual 

delayed memory, was performed at baseline, 3ï4 weeks following 

completion of at-home training, and 3 and 6 months later. Medium-to-large 

effects and significant increases on Wechsler Adult Intelligence Scale 

(WAIS) Digit Span (ɖp2=0.35, p=0.01) and Wechsler Memory Scale (WMS) 

Symbol Span (ɖp2=0.25, p=0.04) were observed from baseline to post-

training; in addition, a small effect and no significant change on R-BANS 

Digit Span (ɖp2=0.05, p=0.40) and medium effects but no statistically 

significant increases on TMT-B (ɖp2=0.20, p=0.07) and R-BANS-Delayed 

Memory (ɖp2=0.16, p=0.12) were noted. 

 

Durà Mata et al. (2018), in a double-blind, randomised controlled trial 

published as a conference abstract, evaluated the effects of a neurocognitive 

telerehabilitation programme on both cognition and QOL in patients with 

gliomas undergoing surgery at a single Spanish centre. Eighty-four patients 

were randomised to either Neuropersonal trainer, comprising of 60-minute 

sessions for 12 weeks, or usual treatment. The specific glioma types, 

chemotherapy, radiotherapy, steroid therapy, anti-epileptic drug use, and the 

cognitive tests and analyses performed were not described in the abstract, 

but the authors reported that the intervention group experienced significant 

improvements in cognition at 4 and 7 months (p=0.017 and 0.027, 

respectively) not detected in the control group. 

 

Gehring et al. (2009) evaluated the effects of a cognitive rehabilitation 

programme on both objective and subjective cognitive measures in 140 

patients with WHO grade IIïIII gliomas recruited from 11 Dutch hospitals. 

Patients were randomised to six weekly individual cognitive rehabilitation 

sessions each lasting 2 hours or wait-list control. The intervention comprised 
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computer-based attention retraining and compensatory skills training of 

attention, memory, and executive functioning. The specific tumour subtypes 

included astrocytoma (47.9%), oligodendroglioma (32.1%), oligoastrocytoma 

(14.3%), and presumed glioma (5.7%). A history of radiotherapy and 

chemotherapy was reported in 61.4% and 10.7% of participants, 

respectively, and 83.6% received anti-epileptic medications. Use of steroids 

was not reported. Patients were required to have no evidence of disease 

progression for at least 6 months prior to study enrolment. A battery of 

validated cognitive tests was used to evaluate attention, verbal memory, and 

executive functions at baseline, end of the cognitive rehabilitation 

programme, and six-month follow-up. There were significant group 

differences observed over time across measures of attention (p=0.028) and 

verbal memory (p=0.015), but not executive function. Immediately post-

treatment, no statistically significant group differences in attention or verbal 

memory scores were observed, but at six-month follow-up, a significant 

group difference was identified for the combined tests of attention (p=0.004) 

and of verbal memory (p=0.009); effect sizes (d) ranged from 0.23ï0.55. 

Regarding subjective cognitive measures, statistically significant intervention 

effects were observed for measures of subjective cognitive functioning and 

its perceived burden at the immediate post-treatment evaluation as well as 

self-reported mental fatigue, none of which were maintained at six months. 

Thus, the results of this study indicated that cognitive rehabilitation had a 

positive impact on short-term cognitive subjective complaints and longer-

term cognitive performance and mental fatigue. 

 

In another randomised study by Gehring et al. (2020), 34 patients with WHO 

grades IIïIII glioma recruited from 3 Dutch hospitals were randomised to 

receive either an individualised, home-based, remotely coached exercise 

intervention of three 20ï45 minute aerobic training sessions weekly for six 

months or an active control comprising of a motivational brochure and 

bimonthly phone calls enquiring about help. Tumour subtypes included in the 

study were astrocytoma (34.4%), oligodendroglioma (53.1%), and 

oligoastrocytoma (12.5%). Radiotherapy, chemotherapy, and anti-epileptic 

drug use was reported in 53.1%, 37.5%, and 56.3% of participants, 
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respectively. Imaging stability of the tumour for at least 6 months prior to 

study entry was an inclusion criterion for the study, whereas the use of 

corticosteroids (as well as surgery, radiotherapy, and chemotherapy) within 6 

months prior to study entry were exclusion criteria. Validated cognitive 

measures were used to evaluate attention, memory, and executive function 

at baseline and after six months. Participants in the exercise group were 

found to have small- to medium-sized better follow-up scores (effect sizes 

calculated through linear regression analyses) than those in the control 

group across several measures of attention and executive function, 

information processing speed, and verbal memory, whereas participants in 

the control group had slightly better scores on a measure of sustained 

selective attention. 

 

Han et al. (2015) investigated functional improvement in 29 brain tumour 

patients following four-week conventional rehabilitation therapy compared to 

26 subacute stroke patients in a non-controlled study that recruited from a 

single Korean centre. Although the specific tumour subtypes were not 

reported, 41.4% of the tumour group had benign tumours and 58.6% had 

malignant tumours. Recurrence was identified in 34.5% of the tumour 

patients. Rates of radiotherapy, chemotherapy, steroid therapy, and anti-

epileptic medication use were not reported. Patients were evaluated in 

multiple cognitive domains using Computerised Neuropsychological Test at 

baseline, and global cognitive function assessed using the Korean version of 

the MMSE at baseline as well as following four weeks of rehabilitation. All 

patients improved in global cognitive function at four weeks. 

 

Hassler et al. (2010) evaluated the effect of neurocognitive training on verbal 

skills, memory skills, and attention in a non-randomised study of 11 patients 

with HGG recruited from a single Austrian centre. No control group was 

included. Most (63.6%) of the participants had glioblastoma, while 18.2% had 

anaplastic astrocytoma, 9.1% had anaplastic oligoastrocytoma, and 9.1% 

had WHO grade III oligodendroglioma. All participants had received 

chemotherapy and radiotherapy, and were receiving anti-epileptic 

medications. Rates of corticosteroid use were not reported. The training 
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comprised of ten weekly 90-minute sessions focusing on holistic mnemonic 

training. Assessment comprised of a cognitive test battery incorporating 

measures of verbal memory, visual motor speed and executive function, and 

verbal fluency performed at baseline and 12 weeks later. Comparison of 

mean baseline and post-training group differences revealed non-significant 

improvements in all but one cognitive variable (HVLT Total Learning, mean 

difference=4.0, p=0.04). 

 

Hojan and Gerreth (2020), in a prospective observational study, evaluated 

the benefits of 12 weeks of comprehensive inpatient (n=28) and outpatient 

(n=26) rehabilitation in brain tumour patients recruited from an inpatient and 

an outpatient facility in Poland. The tumour types included in the study were 

diffuse astrocytic and oligodendroglial tumours (38.9%), other astrocytic 

tumours (13.0%), ependymal tumours (7.4%), and meningiomas (40.7%). A 

history of radiotherapy and chemotherapy was noted in 46.3% and 24.1% of 

participants, respectively. Corticosteroid or anti-epileptic medication use was 

not reported. The Addenbrookeôs Cognitive Examination III was used to 

evaluate cognition at baseline and following the 12-week rehabilitation. 

Significant improvements were observed across all cognitive domains after 

12 weeks in both the inpatient and outpatient groups, except for the 

language functioning subscale (p=0.059) after the outpatient treatment 

program. 

 

Hulshof et al. (2002) evaluated the feasibility and therapeutic effect of 

hyperbaric oxygen therapy in seven cognitively impaired adult patients that 

had received brain irradiation in a phase I/II randomised study at a single 

Dutch centre. Patients were randomised to receive either hyperbaric oxygen 

in 30 sessions delivered 5ï6 times weekly (125 minutes/session) or delayed 

hyperbaric treatment. Tumour types included in the study were glioblastoma 

(28.6%), oligodendroglioma (14.3%), oligoastrocytoma (14.3%), 

ependymoma (14.3%), medulloblastoma (14.3%), and neuroblastoma 

(14.3%). Patients with a history of previous chemotherapy were excluded 

from the study. Rates of corticosteroid or anti-epileptic medications were not 

reported. An extensive cognitive test battery evaluating processing speed, 
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abstract reasoning, visual-spatial insight and visuo-constructive skills, object 

naming, verbal memory, vocabulary memory, memory for structured verbal 

material, numerical ability, non-verbal memory, executive functioning, 

selective attention, perceptual interference and response inhibition, cognitive 

flexibility, reaction time, and visual-motor and speed coordination was 

administered. Tests were performed at baseline and again at three and six 

months. Changes in test scores were analysed using mean test scores 

before and after treatment, and also using score changes of each individual 

patient using the RCI. At baseline, all patients showed cognitive impairment: 

five were scored as moderately, one severely, and one as slightly impaired. 

Predominant impaired domains were mental slowness (all patients) and 

immediate recall (six patients). Pre- and post-hyperbaric oxygen therapy, 

there were no significant improvements on neuropsychological testing. At 

three months, no significant difference was found between the immediate 

group and the delayed group. Between baseline and the six-month follow-up 

assessment, three out of four of the patients in the immediate group, and all 

three patients in the delayed group, demonstrated some improvement. 

 

Locke et al. (2008), in an uncontrolled/partially randomised single-centre US 

trial, evaluated the effects of a two-week cognitive rehabilitation programme 

comprising of six 50-minute sessions compared with standard care. Of the 

19 patients enrolled and randomised, outcome data were provided for 13. Of 

those enrolled, 10.5% had meningiomas and the remainder (89.5%) had 

gliomas (specific subtypes were not specified). Radiotherapy and 

chemotherapy were noted in 94.7% and 63.2% of enrolled participants. 

Rates of corticosteroid or anti-epileptic medications were not reported. 

Cognitive functioning was assessed using the R-BANS but only reported at 

baseline and post-intervention (and not at 3-month follow-up), as explained 

earlier. Control participants were more significantly impaired on a measure of 

immediate memory relative to the participants in the intervention group at 

baseline (p=0.03). The mean total cognitive functioning score remained 

stable at 73 from baseline (SD 13.4) to post-intervention (SD 9.3) in the 

control groups and improved from 79 (SD 20.0) at baseline to 80 (SD 18.6) 
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post-intervention in the intervention group; a statistical comparison was not 

carried out. 

 

Maschio et al. (2015), in an uncontrolled study, evaluated cognitive 

rehabilitation in patients with brain tumour-related epilepsy and cognitive 

impairment recruited from a single centre in Italy. The intervention comprised 

of one weekly individual one-hour session for ten weeks, focusing on 

memory, attention, visuo-spatial functions, language, and reasoning. Twelve 

of the 16 participants enrolled completed the intervention. The included 

tumour types were categorised as LGG (31.3%), HGG (25%), glioblastoma 

(12.5%), meningioma (12.5%), and brain metastasis (18.8%). Radiotherapy, 

chemotherapy, steroid medication, and anti-epileptic medication use were 

reported in 68.8%, 31.3%, 12.5%, and 100% of participants, respectively. 

Tests evaluating global cognition, attention and executive functions, abstract 

reasoning, visuo-spatial abilities, long-term visuospatial memory, short-term 

auditory-verbal memory, long-term auditory-verbal memory and episodic 

memory, and language were evaluated at baseline, directly after the 

cognitive rehabilitation, and at six-month follow-up. At baseline, the greatest 

deficits observed were in both short and long-term verbal memory. 

Compared to baseline, scores directly after cognitive rehabilitation and six-

month follow-up were significantly improved in Span forward, Rey-Osterreith 

Complex Figure (ROCF)-recall, story recall, and phonetic fluency tests. At six 

months, all patients improved in at least one domain that was lower than 

normal at baseline.  

 

Miotto et al. (2013), in a non-randomised functional magnetic resonance 

imaging (fMRI) study, explored the brain correlates of semantic strategy 

training and memory performance in 21 patients with distinct prefrontal 

cortex lesions recruited from a single centre in Brazil. Participants underwent 

imaging, then received 30 minutes of cognitive training focusing on the 

application of semantic organisational memory strategies to word lists. They 

then returned to the scanner where they were asked to look at words 

presented on the screen and apply the semantic organisational strategies. 

Tumour types included astrocytoma (28.6%), olfactory groove meningioma 
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(23.8%), other meningioma (19.0%), oligodendroglioma (23.8%), and 

glioblastoma (4.8%). Rates of radiotherapy, chemotherapy, corticosteroid, or 

anti-epileptic drug use were not reported, but patients with a history of 

radiotherapy, chemotherapy, or drug treatment in the previous six months 

before and during the study were excluded. The study found improved word 

recall (F(1,22)=109.75, p<0.001) as well as semantic clustering 

(F(1,22)=87.89, p<0.001) after training. In a similar semantic strategy fMRI 

study by the same group, but with a healthy control group (n=15) alongside 9 

patients with left frontal LGG resections (Miotto et al., 2014), results varied 

according to whether words were semantically related or not.  

 

Richard et al. (2019), in a pilot randomised controlled trial, compared Goal 

Management Training (GMT), a behavioural intervention that combined 

mindfulness and strategy training, an active control condition (Brain Health 

Program, BHP) focusing on a supportive care intervention that offered 

education and activities promoting general brain health in the absence of 

cognitive strategy training, and a wait-list control group in primary brain 

tumour patients recruited from a single Canadian centre. Of the 26 

participants enrolled, 21 completed the study; non-completers were reported 

to be younger at the point of enrolment and had worse language abilities, 

slower processing speed, and higher apathy scores. Tumour types included 

LGG (32%), meningioma (28%), HGG (24%), and others (16%). 

Radiotherapy (partial or whole-brain), chemotherapy (prior to or during the 

study), corticosteroid use during study, and anti-epileptic medication use 

during the study were reported in 85%, 44%, 0%, and 44% of participants, 

respectively. Cognitive function was assessed using measures covering 

executive function, memory, and processing speed at baseline with a subset 

repeated immediately post-training and 4 months later. From baseline to 

post-training, there was a marginal intervention effect on the executive 

composite (time-by-group interaction: F(2,17)=3.001, p=0.077, Ẽp2=0.261), 

but the effect was not statistically significant. However, a significant 

intervention effect was seen at 4 months on the Executive composite (time-

by-group interaction: F(2,16)=3.760, p=0.046, Ẽp2=0.320), that was reported 

to reflect a large improvement in scores in the GMT group (dw=1.08, 
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p=0.002; dc=1.09) and a minimal change of scores in both the BHP 

(dw=0.09, p>0.1) and wait-list control (dw=ī0.06, p>0.1) groups. Results for 

memory and processing speed were less supportive of the superiority of 

GMT over the other conditions.  

 

Sacks et al. (2015) investigated the efficacy of CogMed Working Memory 

Training (25 online training sessions, 30ï45 minutes long) in three patients 

experiencing cognitive impairments post-treatment for LGG recruited from a 

single US centre. The included tumour types comprised pilocytic astrocytoma 

(66.7%) and oligoastrocytoma (33.3%). Rates of radiotherapy, 

chemotherapy, corticosteroid, or anti-epileptic therapy administration were 

not reported. Cognitive tests encompassed measures of attention and 

memory and were performed at baseline, within two weeks of training 

completion, and after three months. Results varied between the three 

patients and were non-generalisable. The study showed all three participants 

improved in Digit Span Forward after completing CogMed training, although 

two improved only at three-month follow up. In Digit Span Backward, one 

participant improved at early and three-month follow-up, while two 

participants improved only early after the intervention. Only one participant 

showed some improvement in letter-number sequencing. Two of the three 

participants showed improvements in differing aspects of the Reyôs Auditory 

Verbal Learning Test, and all three participants improved in Brief Test of 

Attention scores. 

 

Schellart et al. (2011), in an uncontrolled study, investigated the effect of 

hyperbaric oxygen therapy (five-times weekly for 6ï8 weeks) in 10 brain 

tumour patients recruited from a single Dutch centre that had received 

radiotherapy and surgery compared to 10 healthy matched controls. Included 

tumour types comprised solitary brain metastasis (30%), non-Hodgkin 

lymphoma (20%), oligodendroglioma (10%), atypical meningioma (10%), 

anaplastic oligodendroglioma (10%), meningioma óen plaqueô (10%), and 

glioblastoma (10%). Chemotherapy was administered to 10% prior to the 

hyperbaric oxygen therapy. All patients received anti-epileptic drugs, but the 

rates of corticosteroid use were not reported. Cognitive assessments, which 
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comprised of a test of visual-sensorimotor integrity and sustained attention, 

were performed one week before as well as 6 weeks and 4 months after 

completing the treatment. The results indicated that visual-sensorimotor 

integrity and sustained attention were significantly improved in the brain 

tumour patients. 

 

Taylor et al. (2020), in an uncontrolled, randomised, single-centre US study 

published as a conference abstract, investigated the feasibility and efficacy 

of three cognitive rehabilitation strategies in 23 patients with LGG considered 

to have stable disease. Patients were randomised to receive in -person 

rehabilitation, iPad-based training (ReMind), or daily instructional text 

messages. Previous radiotherapy was administered to 78% of participants, 

but the rates of chemotherapy, corticosteroid use, and anti-epileptic 

medication use were not reported. The specific cognitive tests used were not 

specified, but were administered at baseline and again 3 and 6 months 

following the intervention. The abstract only reported baseline data, which 

showed that the most commonly impaired cognitive domain was processing 

speed, with 43% of participants found to be Ó1.5 standard deviations below 

normal. 

 

Van der Linden et al. (2021), in a randomised controlled trial, evaluated a 

tablet-based cognitive rehabilitation programme in patients with LGG and 

meningioma recruited from three Dutch centres. Sixty-two patients were 

randomised to cognitive rehabilitation (ReMind) or a wait-list control group, 

and data on long-term follow-up were available for 45 of these. There were 

55.1% participants with WHO grade I meningioma, 4.1% with WHO grade II 

meningioma, 38.8% with WHO grade II glioma, and 2.0% with WHO grade III 

glioma. Following surgery, 28.6% and 20.4% received radiotherapy and 

chemotherapy, respectively. Use of psychotropic medication, defined in the 

study as anti-epileptic drugs, corticosteroids, benzodiazepines, opioids, 

antipsychotics, stimulants, and/or antidepressants, was reported in 57.1% of 

participants. In addition to patient-reported outcomes, cognition was 

evaluated using a computerised battery of tests as well as tests of working 

memory and verbal fluency before surgery as well as 3, 6, and 12 months 
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later. There was no significant difference in the group means over time for 

the performance-based cognitive outcome measures or patient-reported 

outcomes. Furthermore, the RCIs between the intervention and control 

groups were not significantly different.  

 

Voss et al. (2022) evaluated the effect of a calorie-restricted ketogenic diet 

with intermittent fasting compared to standard diet on a number of outcome 

measures, including cognitive outcomes and quality of life, in a randomised 

controlled trial of 50 patients with recurrent glioblastoma recruited from three 

German centres. The ketogenic diet with intermittent fasting comprised of 3 

days of ketogenic diet (specified as 21ï23 kcal per kg of body weight per 

day, with carbohydrate intake limited to 50 g per day) followed by 3 days of 

fasting and 3 additional days of ketogenic diet. A history of prior radiotherapy 

and concomitant chemotherapy was noted in 86% and 92% of participants, 

respectively, but rates of steroid or anti-epileptic drug use were not reported. 

Twenty participants in the intervention group and 22 in the standard diet 

group completed the evaluation as set by the protocol. Cognitive functioning 

was assessed as a secondary outcome using the MMSE and the d2 Test of 

Attention at baseline and day 6, day 12, and 1 month following radiotherapy. 

Median MMSE scores were reported to be similar between baseline and 

follow-up in both groups. However, baseline evaluation with the d2 Test of 

Attention revealed severely impaired median cognitive function percentile 

corrected for age, 5% (range: <1ï42%) in the intervention group and 16% 

(range: <1ï76%) in the standard diet group. At day 6, a nonsignificant 

increase in d2 Test of Attention scores was found in both groups, with a 

median age-corrected attention score of 12% in the intervention group 

(p=0.187) and 23.5% in the standard diet group (p=0.103). d2 Test of 

Attention scores increased significantly until one-month follow-up in both 

arms, with median age-correct attention scores of 17% in the intervention 

group (p=0.035) and 27% in the standard diet group (p=0.049), but were not 

significantly different by treatment arm, indicating that cognitive function was 

not affected by the diet. Of note, the standard diet group had a lower-than-

expected calorie intake (21 instead of 30 kcal per kg per day), which 

complicates interpretation of the results.  
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Yang et al. (2014), in a randomised controlled trial, investigated virtual reality 

training (30 minutes daily, three times weekly) in combination with computer-

assisted cognitive rehabilitation (30 minutes daily, twice per week) compared 

to computer-assisted cognitive rehabilitation (30 minutes daily, five days per 

week) alone for four weeks in 38 patients with brain tumours recruited from a 

single Korean centre. Tumour types included meningioma (26.3%), 

glioblastoma (13.2%), brain metastasis (15.8%), astrocytoma (5.3%), and 

others (39.5%; unspecified). Rates of radiotherapy, chemotherapy, steroid 

use, and anti-epileptic drug use were not reported. Cognition was assessed 

at baseline and again following four weeks of rehabilitation treatment using 

computerised neuropsychological tests of concentration, selective attention, 

verbal memory and spatial memory, as well as visual-motor coordination and 

global cognitive function (the latter being evaluated through the Korean 

version of the MMSE). The study found that the virtual reality group had 

significantly improved scores in the domains of concentration, verbal 

memory, spatial memory, and visual-motor coordination.  

 

Yu et al. (2019) retrospectively compared the effectiveness of intensive 

rehabilitation therapy (one hour each of physical and occupational therapy, 

five days per week during hospitalisation) in improving neurological deficits 

following brain tumour surgery (n=35), with patients diagnosed with stroke 

(n=108) included as a reference group. Patients were treated at a single 

Korean centre and the tumours were classified as WHO grade I (31.4%), II 

(28.6%), III (11.4%), and IV (28.6%), incorporating many tumour types 

without specific numbers of each. Radiotherapy and chemotherapy were 

administered to 54.3% and 31.4% of the patients with brain tumours, 

respectively. Rates of corticosteroid and anti-epileptic drug use were not 

reported. The occupational therapy sessions included cognitive ability 

enhancement. Cognition was assessed using a global measure of cognition 

along with intelligence at baseline and more than one month after admission. 

Significant improvements in global cognition and intelligence scores were 

identified in both the brain tumour and stroke groups (both ps<0.001) and 

within benign and malignant brain tumour subgroups (both ps<0.01). No 



 

 139 

significant between-group or -subgroup differences were observed in 

effectiveness or efficiency. 

 

Zucchella et al. (2013) performed a randomised trial comparing cognitive 

rehabilitation (four one-hour sessions per week for four weeks, delivered as 

computerised exercises) to standard rehabilitative care without cognitive 

training in 53 early post-surgical brain tumour patients recruited from a single 

centre in Italy. Tumour types included HGG (47.2%), LGG (13.2%), 

meningioma (30.2%), and others (9.4%; specific tumour types unspecified). 

None of the patients had received radiotherapy or chemotherapy prior to or 

during the study, but 22.6% and 37.7% were taking corticosteroids and anti-

epileptic medications, respectively. A range of validated cognitive tests were 

performed encompassing global cognitive function, verbal and spatial 

immediate memory span, verbal memory (immediate and delayed recall), 

non-verbal reasoning, frontal functionality, simple speed processing and 

complex attention, visual selective attention, visuo-constructional abilities, 

and verbal fluency, which were performed at baseline (within three days of 

admission) and after four weeks. The study reported significant 

improvements in the rehabilitation group, particularly in verbal memory and 

visual attention, and non-significant improvements in the control group. 

 

 

3.4 Discussion 

The systematic literature review of interventions for cognition in adult patients 

with brain tumours described in this chapter identified 35 randomised and 

non-randomised studies describing a range of pharmacological and non-

pharmacological interventions. Although side effects or adverse events were 

not reported in all studies identified in this review, when reported the rates 

and severity of such complications were both low. 

 

Of the 14 pharmacological studies that were included in this systematic 

review, supportive evidence was found for memantine (Brown et al., 2013) 

and the Chinese herbal medicines ginkgo biloba (Attia et al., 2012) and 
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shenqi fuzheng (Chen et al., 2019) for the prevention of cognitive deficits in 

patients with brain tumours. There was also supportive evidence for a role for 

donepezil (Rapp et al., 2015; E. G. Shaw et al., 2006), methylphenidate 

(Gehring et al., 2012; Meyers et al., 1998), and modafinil (Gehring et al., 

2012; Kaleita et al., 2006) in the amelioration of pre-existing cognitive 

impairment. The exact pharmacological mechanisms through which these 

interventions could exert an effect remain to be elucidated, but could result 

from their involvement in important neurotransmitter pathways. For example, 

donepezil, by inhibiting the breakdown of acetylcholine, could prolong and 

improve cholinergic function, which is associated with learning and memory 

(Anand & Singh, 2013). 

 

Some of these studies were at high risk of bias. For example: the study of 

modafinil by Kaleita et al. (2006) was a conference abstract with a 

corresponding lack of detail about the study methodology and only eight-

week follow-up data; the study by Gehring et al. (2012) comparing two doses 

of methylphenidate to modafinil was characterised by an open-label design, 

a high proportion of drop-out, and employed an exploratory statistical 

analysis approach combining the two doses of methylphenidate due to low 

accrual. In the study by Chen et al. (2019), it was not possible for participant 

blinding to occur as the comparator groups were shenqi fuzheng injection 

with radiotherapy versus radiotherapy alone. Furthermore, the primary 

outcomes for the two randomised studies of memantine (Brown et al., 2013) 

and donepezil (Rapp et al., 2015) were non-significant, with only secondary 

outcomes that were significant; caution is required when interpreting 

secondary outcome results alongside non-significant results in the primary 

outcome measure(s).  

 

A number of the 21 non-pharmacological intervention studies identified 

positive results, even if improvements were sometimes noted in some 

cognitive domains but not others. A range of rehabilitation interventions, 

including specialist neurorehabilitation and general rehabilitation, were 

shown to be positively associated with the prevention  (Durà Mata et al., 

2018; Gehring et al., 2009; E. Y. Han et al., 2015; Hojan & Gerreth, 2020; 



 

 141 

Maschio et al., 2015; Yu et al., 2019) or amelioration (Zucchella et al., 2013) 

of cognitive impairment. Positive findings were also identified for working 

memory training (S. E. Braun et al., 2021), Goal Management Training 

(Richard et al., 2019), aerobic exercise (Gehring et al., 2020), virtual reality 

training combined with computer-assisted cognitive rehabilitation (Yang et 

al., 2014), and hyperbaric oxygen therapy (Hulshof et al., 2002; Schellart et 

al., 2011) in the amelioration of cognitive impairment, and semantic strategy 

training (Miotto et al., 2013, 2014) in the prevention of cognitive impairment. 

Given the wide diversity in non-pharmacological approaches, the potential 

mechanisms through which these interventions could bring about a change 

in cognitive function are likely to be equally varied. For example, cognitive 

rehabilitation may involve brain plasticity through the retraining of cognitive 

capabilities in domains such as attention and working memory, or involve 

compensation strategies including memory aids (Miotto et al., 2013); 

exercise therapy may bring positive effects through increased cerebral blood 

flow and hippocampal neurogenesis as well as changes in neurotransmitter 

release, arousal levels, and brain structure including brain derived 

neurotrophic factor-associated nerve growth (Ben-Zeev et al., 2022; 

Gligoroska & Manchevska, 2012); and hyperbaric oxygen therapy has been 

shown to affect multiple cellular and molecular pathways involving 

neuroprotection, neuroinflammation, oxidative stress, mitochondrial function, 

neurogenesis, apoptosis, and angiogenesis (Gottfried et al., 2021). 

 

A number of the studies were at high risk of bias and non-randomised in 

design. For example, Durà Mata et al. (2018) published a conference 

abstract that did not specify the cognitive tests or statistical analyses 

performed and blinding was not possible due to the nature of the intervention 

(cognitive telerehabilitation). Gehring et al. (2020) compared aerobic 

exercise to an active control condition, but the study was limited by a lack of 

blinding of both the participants and cognitive outcome assessors. The study 

by Voss et al. (2022) comparing ketogenic diet and intermittent fasting to 

standard diet used inadequate cognitive assessment measures, was missing 

cognitive outcome data for a large proportion of participants, had a short 

follow-up assessment period (one month), and the standard diet group had 
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an average calorie intake level similar to the intervention arm. Yang et al. 

(2014), comparing virtual reality training and computer-assisted cognitive 

rehabilitation compared to computer-assisted cognitive rehabilitation alone in 

a randomised study, did not describe the randomisation process, participant 

blinding was not possible due to the nature of the intervention, data were not 

presented on whether outcome data were presented for all participants 

randomised, and it was not specified whether blinding of outcome assessors 

took place.  

 

Although a number of positive results were identified by this review, most 

studies were deemed to be at moderate-to-high risk of bias, and there was 

wide heterogeneity in type and delivery of interventions, patient populations 

(including tumour types and treatments received), type and timing of 

outcome measures administered, and outcome reporting. The randomised 

studies were most commonly at risk of bias due to open-label study designs 

and lack of blinding, missing outcome data, and a lack of use of a battery of 

cognitive tests to evaluate multiple cognitive domains. The non-randomised 

studies were deemed to be at risk of bias due to multiple measurements not 

being obtained prior to the intervention, small sample sizes, a lack of 

enrolment of all eligible participants, and a high loss to follow-up after 

baseline assessments. Most studies did not report effect sizes, limiting the 

ability to interpret the strength of any relationships identified. 

 

The systematic literature review identified several positive findings, but there 

remains uncertainty around the durability of any benefits on cognition once 

the intervention ends, particularly in relation to rehabilitation interventions. 

This may explain why none of the identified interventions are routinely and 

universally applied in the clinical setting, and few clinical practice guidelines 

have incorporated recommendations for the use of specific rehabilitation 

interventions (Kim et al., 2019). It is important to highlight that some of the 

weaknesses of the included studies reflect the challenges of conducting 

studies in patients with brain tumours; low accrual, sample heterogeneity, 

and high drop-out levels have all been observed among the identified 

studies. There are myriad influences on cognitive outcomes in patients with 
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brain tumours, including patient-, treatment-, and tumour-specific factors, and 

there are factors that are likely important but relatively understudied, such as 

cognitive reserve (individual differences in task processing that permit some 

to cope with a brain condition better than others), brain reserve (individual 

differences in the brain itself that allow some to cope better than others with 

a given condition), and socioeconomic status (Kirkman et al., 2022). With so 

many potential influencing variables, it is difficult to sufficiently account for 

the resulting heterogeneity in small, underpowered studies that struggle to 

recruit sufficient numbers of participants due to the aforementioned 

challenges associated with studies of this population group. Larger, 

multicentre studies could help standardise methods and outcome measures, 

potentially leading to more robust and generalisable findings. 

 

Some of the identified studies found greater improvements in cognition post-

intervention in those who were more cognitively impaired at baseline 

(Gehring et al., 2012; Rapp et al., 2015), and thus future studies should 

consider targeting specific óat-riskô populations in order to realise the benefits 

of any interventions studied. Whether reported improvements in cognitive 

test scores translate into clinically relevant, sustained, long-term benefits on 

a patientôs everyday life is difficult to ascertain; future studies should consider 

more detailed correlations between subjective and objective cognitive 

performance over a longer follow-up period to elucidate this further. 

 

 

3.4.1 Limitations of the systematic review 

There are several limitations to discuss in the context of this systematic 

literature review. There was wide heterogeneity in the characteristics of 

participants included in the studies and in the employed methodologies of the 

identified studies, with myriad cognitive tests used, outcome assessments 

performed at varying time points in relation to treatments, and varied follow-

up lengths. Some of the included studies relied on one or two measures of 

cognitive function, including global measures such as the MMSE, which is 

not able to comprehensively assess cognitive function, and evidence 
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indicates that it is only possible to obtain reliable results with the use of a 

comprehensive neuropsychological battery, as such screening tools are not 

able to detect all instances of cognitive dysfunction (Racine et al., 2015). A 

reasonable proportion of the included studies included multiple pathologies 

with no subgroup analysis by tumour type or grade; there is evidence from 

non-interventional studies that cognitive outcomes vary by tumour type even 

when considering tumours located in the same anatomical region (Vogt et 

al., 2018). Reporting of variables that could influence cognitive outcomes, 

including anti-epileptic and steroid use, was inconsistent across studies. 

Many of the studies had withdrawal/drop-out rates >5%, and it was often 

difficult to establish whether the participants who withdrew/dropped out of the 

studies differed in baseline characteristics and had worse prognoses. High 

drop-out rates are not uncommon in studies of patients with brain tumours, 

due to disease progression and other factors. Although the search strategy 

was broad to attempt to identify as many potentially relevant papers as 

possible, eligible studies may still have been missed. Finally, it was not 

possible to fully appraise all included studies as, although authors of all 

studies included in this study that required clarification were contacted, only 

a proportion responded. 

 

 

3.5 Summary 

This systematic literature review of interventions for cognition in adult 

patients with brain tumours identified 35 randomised and non-randomised 

studies meeting the inclusion/exclusion criteria of this review. A range of 

pharmacological and non-pharmacological interventions for the amelioration 

or prevention of cognitive impairment were described. Of these, a number of 

pharmacological interventions were found to be associated with positive 

effects on cognition, including pharmacological agents such as memantine, 

donepezil, methylphenidate, modafinil, ginkgo biloba, and shenqi fuzheng. 

Similarly, the non-pharmacological interventions of general and cognitive 

rehabilitation, working memory training, Goal Management Training, aerobic 

exercise, virtual reality training combined with computer-assisted cognitive 
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rehabilitation, hyperbaric oxygen therapy, and semantic strategy training 

were also associated with positive effects on cognition.  

 

Due to the wide range of mechanistic actions associated with a such an 

extensive diversity of interventions, the findings do little to elucidate a 

common, unifying pathway for cognitive dysfunction in patients with brain 

tumours. Furthermore, caution is required in interpretation of the identified 

studies as most of them had a number of limitations and were deemed to be 

at moderate-to-high risk of bias. Some of the benefits associated with 

interventions were identified in non-randomised studies, and such 

interventions should be evaluated in a randomised trial setting where 

possible. In addition, it remains unclear whether and to what extent the 

identified interventions lead to durable cognitive benefits after cessation of 

the intervention. Further studies should focus on improved study reporting 

(including the use of medications such as corticosteroids and anti-epileptics) 

and methods (including blinding of outcome assessors) to reduce bias, 

methods to minimise participant drop-out and withdrawal where possible, 

and consider standardisation of methods and interventions across studies. 

Greater collaboration between centres could result in larger studies with 

standardised methods and outcome measures, and should be a focus of 

future research efforts in the field. 

 

Armed with the rich information provided by the systematic literature reviews 

described in the current and the preceding chapter, the focus now turns to an 

empirical study that was performed to explore the potential contributors to 

cognitive outcomes in patients with LGG.  
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4 Chapter 4: Exploring the influences on cognitive 

outcomes and quality of life in patients with low-grade 

glioma  

4.1 Overview 

The systematic literature review presented in Chapter 2 identified that most 

previous studies evaluating influences on cognitive outcomes in patients with 

LGG and other brain tumours focused on clinical and demographic factors. 

Literature on cognition in the general population and non-brain tumour 

pathologies as summarised in Section 1.4 of Chapter 1, however, 

demonstrate a much wider repertoire of putative influences on cognition. 

With this in mind, the purpose of this chapter is to describe the conduct of a 

study aiming to more holistically evaluate putative influences on cognition in 

a group of patients with LGG. The empirical work described in the remainder 

of this thesis focuses on WHO grade II diffuse LGGs, excluding other types 

of LGGs as well as HGGs or other brain tumour types, to minimise 

unnecessary variability resulting from including a wide diversity of 

pathologies. Thus, any references to ñLGGò in relation to my empirical work 

relate specifically to WHO grade II diffuse LGG. In addition, as LGGs 

generally have a less aggressive disease course and are associated with a 

longer survival compared to HGGs, it was deemed more appropriate to focus 

on LGGs. 

 

In addition to the collection of clinical and demographic information, data 

collection in this study incorporated education and socioeconomic factors, as 

well as an estimate of premorbid intelligence. Cognition was assessed using 

validated cognitive tests and the results were subjected to principal 

component analysis to generative cognitive composite measures to reduce 

the dimensionality of the data. Additional data were collected on quality of life 

to evaluate whether it is associated with the other measures evaluated in the 

study including cognition, as well as data on personality type, to investigate 

whether personality trait differences are associated with quality of life.  
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To provide further, multimodality information on influences on cognitive 

outcomes in LGG, imaging and genetic data were also collected from the 

study participants described in this chapter. These data form the basis of 

Chapters 5 and 6 of this thesis, respectively, and are not discussed further in 

this chapter. 

 

A lot of information is provided in this chapter. For ease of reference, the 

questionnaires and cognitive tests administered to the study participants, 

along with the corresponding scoring techniques, are described in detail in 

Section 4.7.1, the data analysis techniques can be found in Section 4.9, and 

the results are presented in Section 4.10. Through the large amount of data 

that will be presented, it will become apparent that many of the evaluated 

variables did not appear to have a relationship with cognitive outcomes, 

which may be in part due to the small sample size (n=21). However, age and 

premorbid IQ, the latter estimated through administration of the National 

Adult Reading Test (NART), both significantly predicted cognitive outcomes 

through a measure of crystallised intelligence derived from the principal 

component analysis. There was weak, non-significant interaction effect of 

age and NART-predicted premorbid IQ in linear regression analysis. There 

are many more results to highlight from this study and discuss, but first, the 

study objectives, hypotheses, and study methodology are now described. 

 

 

4.2 Objectives 

4.2.1 Primary objective  

To explore whether cognitive outcomes in patients with LGG, determined 

using a pre-defined battery of cognitive tests, are associated with education, 

socioeconomic factors, clinicodemographic information, and estimated 

premorbid intelligence. óSocioeconomic factorsô for the purpose of the current 

study comprised various social and economic factors including occupation, 

parental education, and level of deprivation in the area of upbringing. 
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4.2.2 Secondary objectives  

¶ To evaluate the quality of life in patients with LGG 

¶ To evaluate whether a relationship exists between quality of life and the 

other measures evaluated in this study 

¶ To ascertain whether personality type is associated with quality of life  

 

 

4.3 Hypotheses tested by the study 

¶ Education factors contribute significantly to variability in cognitive 

outcomes in patients with LGG 

¶ Socioeconomic factors contribute significantly to variability in cognitive 

outcomes in patients with LGG 

¶ Clinical and demographic factors contribute significantly to variability in 

cognitive outcomes in patients with LGG 

¶ Premorbid intelligence contributes significantly to variability in cognitive 

outcomes in patients with LGG 

¶ Quality of life in patients with LGG is significantly impaired and the level 

of this impairment is associated with the degree of cognitive impairment 

¶ Quality of life is also associated with clinical features as well as 

personality type in patients with LGG 

 

 

4.4 Study design 

There were two main components to the study.  

 

 

4.4.1 Part 1: prospective data collection 

For this part of the study, data were prospectively collected through a self -

designed questionnaire and validated measures/tools to ascertain 

information on education, socioeconomic factors, tobacco/alcohol 

consumption, medical and medication/drug history, cognitive status, quality 

of life, personality type, and premorbid IQ. The measures/tools used are 

described in Section 4.7, below. Saliva samples were also collected during 
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this part of the study to perform genetic analyses, and further information 

about this is provided in Chapter 6. 

 

 

4.4.2 Part 2: retrospective data collection 

For the same participants who had provided written informed consent to 

participate in and completed part 1 of the study, previously collected 

demographic, clinical, and imaging data were acquired from the computer 

network at the National Hospital for Neurology and Neurosurgery (NHNN), a 

tertiary centre for patients with brain tumours. Further details about the 

imaging data acquired are provided in Chapter 5, and the remaining data 

sources are described in Section 4.7, below.  

 

 

4.5 Sampling and recruitment 

4.5.1 Inclusion criteria 

The inclusion criteria for the current study were as follows: 

¶ Histological diagnosis of LGG (WHO grade I or II) confirmed at NHNN 

between 1st January 2006 and 31st December 2017 inclusive 

¶ Age 16 years or older at the time of diagnosis 

¶ Any sex 

 

The above time period was chosen as it allowed sufficient time since referral 

to NHNN for a meaningful follow-up period to have occurred, and also 

because electronic notes have been in operation at NHNN for this time, 

simplifying data collection. 

 

 

4.5.2 Exclusion criteria 

The exclusion criteria of the study were as follows:  

¶ Within three months of surgery or active oncological treatment 

¶ Lack of understanding of written or spoken English  
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¶ Lost to follow-up 

 

The first exclusion criterion stated above was specified to avoid the potential 

effects of recent treatment on the study measures. 

 

 

4.5.3 Process, sample size, and response rate 

Potential participants were identified through a database at the NHNN that 

included information on patients that had undergone surgery and had tissue 

removed during the surgery for analysis by the Histopathology Department at 

NHNN. The database was searched to identify patients who had undergone 

surgery between 1st January 2006 and 31st December 2017 inclusive. It was 

anticipated that this would identify approximately 1,000 potential participants 

to contact from this single centre. No formal power calculation was used. 

Unfortunately, the number of individuals that were eligible to be contacted to 

participate in the study was much lower than anticipated. This was for two 

main reasons. First, the initial estimation of potential participants was an 

estimate based on the number of patients discussed in the weekly clinical 

neuro-oncology meetings, by taking a sample of the minutes of four of the 

meetings and extrapolating to the 12-year time period mentioned above. 

However, a significant number of the patients were rediscussed over the 

course of several meetings, which artificially inflated the number of poten tial 

participants for the study, and there was reasonable variation in the number 

of patients discussed on a week-to-week basis. Second, the estimate of 

1,000 potential participants was based on a longer data collection period 

than the 12 years actually used in the study. The data collection period was 

intentionally shortened to 12 years to avoid issues with missing data resulting 

from the lack of electronic medical records being available before 2006.  

 

There were 192 tumour specimens identified through the database as being 

from potentially eligible study participants, and 12 of these specimens were 

sourced from six patients who had undergone surgery on two separate 

occasions. Thus, there were 186 potential study participants identified 
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through the database, and their medical record numbers listed in the 

database were used to obtain their contact details from the hospitalôs 

electronic medical records system.  

 

Initial contact with the 186 potential participants was made through postal 

mail. A copy of the Participant Information Sheet, Consent Form, and a 

covering letter were included in the envelope sent to potential participants, 

alongside a self-addressed envelope for return of the signed consent form 

from consenting participants. The Participant Information Sheet and Informed 

Consent Form detailed: the exact nature of the study; what it would involve 

for the participant; the implications and constraints of the protocol; and any 

potential risks involved in taking part. In the covering letter, an email address 

was provided alongside an offer for potential participants to return the signed 

consent form in electronic format. The email address was also made 

available for queries from potential participants. The covering letter also 

detailed that all participants would receive full reimbursement of their travel 

costs and an additional £10 as a token of appreciation for their time and 

contribution to the study. In the covering letter, potential participants were 

also encouraged to spend at least 24 hours considering participation in the 

study prior to agreeing to do so, in line with good research practice. Indeed, 

potential participants were allowed as much time as wished to consider the 

information, and the opportunity to ask any questions of myself, their general 

practitioner, or other independent party to decide whether they agreed to 

participate in the study. Those that responded indicating their consent to 

participate in the study were sent, by email, a link to an online poll to book a 

meeting for data collection. 

 

If a potential participant contacted by postal mail did not respond within two 

weeks, a reminder was sent, but by email (if their email address was 

available). If there was no response after these steps, no further attempts 

were made to contact that individual.  

  

Reasons for ineligibility or non-participation of eligible candidates were 

documented in a screening log. Of the 186 potential study participants that 



 

 152 

were contacted by postal mail, 42 (22.6%) returned signed consent forms. 

An additional 8 (4.3%) of the 186 potential participants or their next of kin did 

not provide signed consent forms but instead responded to indicate 

ineligibility for inclusion in the study: two of the contacted individuals had 

unfortunately died, two patients had experienced tumour progression to a 

high-grade glioma, two patients were currently receiving chemotherapy, one 

patient had deteriorated clinically and was too unwell to participate, and one 

participant had experienced a recent head injury resulting in intracranial 

haemorrhage and a skull fracture that had resulted in speech and language 

difficulties, likely to affect data quality. The parents of one teenage potential 

participant responded with interest in their child participating in the study, but 

no further correspondence was received. Of the 42 participants that returned 

signed consent forms, one unfortunately died and another experienced 

tumour progression to a high-grade glioma, both prior to participation in the 

study. An additional 17 potential participants did not respond to the online 

poll to schedule a meeting for data collection.  

 

Of the 23 subjects who proceeded to take part in the study, two were 

excluded. The tumour of one of these two excluded participants had recently 

transformed from a WHO grade II to grade III oligodendroglioma, which was 

identified on detailed review of their medical notes. The second excluded 

participant was not able to complete data collection and on further review of 

their medical notes, the histopathology of their tumour was in keeping with a 

WHO grade II central neurocytoma and not glioma as indicated in the 

database used to identify potential participants, so they would have been 

excluded from the study on this basis in any case. 

 

The remaining 21 study participants were confirmed to have low-grade 

gliomas and met the remaining inclusion criteria of the current study, thus 

forming the study population described in the remainder of this chapter.  

 

A flow diagram demonstrating the recruitment process is shown in  Figure 

4-1, overleaf. 
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Figure 4-1: Flowchart of study recruitment 
* Twelve of the 192 samples classified as low-grade glioma in the database were from six participants 

who had undergone two surgeries; these six individuals had therefore been ódouble countedô in the 
database. 

 

 

4.6 Ethical approval 

The study was reviewed and approved by the National Health Service Health 

Research Authority on 5th March 2018 (IRAS project ID: 233329). The 

relevant ethical approval documentation is provided in Appendix 9.  

 

 

Tumour samples classified as low -
grade glioma in the database  

 

n = 192 

Potential participants contact ed 
 

n = 186 

Signed consent forms returned  
 

n = 42 

óDuplicateô samples* 

 

n = 6 

Consent not provided  

 
- No response (n = 135) 

 - Died (n = 2) 
- Tumour progression to high-grade glioma (n = 2) 

- Currently receiving chemotherapy (n = 2) 
- Too unwell to participate (n = 1) 

- Recent head injury (n = 1) 

- Lack of contact despite parental interest in study (n = 1) 

Participated in the  study  
  

n = 23 

Final study cohort  
  

n = 21 

Non-participation in  study  
  

- No response to online poll for meeting scheduling (n = 17) 
- Died prior to study participation (n = 1) 

- Tumour progression to high-grade glioma prior to study 
participation (n = 1) 

Data excluded from analysis  
  

- Tumour progression to high-grade glioma prior to study 

participation (n = 1) 
- Unable to complete study due to cognitive difficulties / 

tumour incorrectly classified in the database (n = 1) 
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4.6.1 Potential ethical issues 

The main potential ethical issues discussed as part of the ethical approval 

process were as follows: 

 

 

4.6.1.1 Breach of confidentiality 

There was a theoretical possibility that the study data could become 

available to unintended recipients due to suboptimal data security. To 

minimise this, all collected data were stored electronically on a secure 

encrypted password-protected computer. All data were kept anonymous 

through the use of generated participant identification numbers, so that no 

individual person was identifiable from the file containing the study data. An 

electronic file separate to the data, also stored securely on an encrypted 

computer, held the details matching participant names to the corresponding 

participant identification numbers.  

 

 

4.6.1.2 Fatigue 

Some patients with brain tumours can be easily fatigued. All efforts were 

made to ensure participants did not become fatigued when completing the 

questionnaires. If participants became visibly fatigued, then data collection 

would be stopped and they would be offered the opportunity to either have a 

rest prior to recommencing, or alternatively to stop data collection 

immediately. In the current study, one participant became visibly fatigued 

during study participation; the data collection process for this participant was 

subsequently stopped and their data were excluded from analysis (the 

aforementioned patient who did not have an LGG). 

 

 

4.6.1.3 Distress/intrusion 

The nature of this project was sensitive. The self-designed questionnaire 

included questions about educational attainment, socioeconomic status, 

alcohol and tobacco consumption, past medical history, and medication/drug 
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(including recreational drug) history. There was a risk that participants may 

have been distressed by the questions asked during the data collection 

period of this study. It was emphasised to participants prior to data collection 

that, if this were to happen, they could withdraw from the study at any time 

with no adverse consequences to them or their clinical care.  

 

 

4.6.1.4 Doctor-patient relationship and impact on clinical care 

Following on from the above point, it was emphasised to participants that any 

participation or refusal to participate in this research project would not 

influence the clinical care of that individual.  

 

 

4.6.1.5 Data acquisition 

To minimise the risk of a poor response rate influencing data acquisition, 

those that did not respond to the initial written correspondence sent by postal 

mail had a follow-up email sent to them (where email addresses were 

available). At the same time, every attempt was made to ensure that 

participants did not feel harassed by communication. For example, by using 

postal mail and email as contact methods, it was anticipated that potential 

participants would feel less pressure to unwillingly participate in this study 

compared to contacting them by telephone. 

 

 

4.6.1.6 Identification of clinical abnormalities 

The majority of the data collected in this study did not have the potential to 

affect the participantôs diagnosis and/or management. Considerable thought 

was given to whether and what to feed back to patients. It was decided that 

information about the progress of the study and group level results would be 

provided, but not feedback about individual results (including genetic), 

whether or not a specific abnormality was identified. Instead, if the patient 

and/or their families were to report concerns about unmet clinical needs and 

the presence of possible genetic disorders or risk factors, it would have been 
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recommended that they talk to their general practitioner. Of note, this was 

not an issue during the study. 

 

 

4.6.1.7 Vulnerable groups 

Some of the participants included in this study had obvious cognitive 

impairments, and it was ensured that the needs of all participants were 

prioritised over the needs of the research. It was also ensured that 

individuals with significant cognitive impairment had a next of kin present to 

act as an advocate for the patient; there was one participant in the current 

study that this point applied to, and their data were subsequently excluded 

from analysis (the aforementioned patient who did not have an LGG).  

 

 

4.6.2 Discontinuation / withdrawal of participants from the study 

Study participants were able to withdraw from the study at any point and 

without needing to give a reason. There were two levels of withdrawal that 

were made available: 

 

ñNo further contactò: In this situation, the participant would no longer be 

contacted directly, but would have given their permission for retention and 

use of the data and samples collected, as well as use of information from 

their health records. 

 

ñNo further useò: In this situation, the participant would no longer be 

contacted directly, and all data and samples relating to them that were 

previously collected would not be available for analysis. 

 

Only one participant that commenced the study did not complete the whole 

data collection process and this was due to fatigue, as mentioned earlier, 

and their data were completely excluded from analysis (the aforementioned 

patient who did not have an LGG). 
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4.7 Data collected from participants 

4.7.1 Part 1 (prospective study): instruments and measures administered 

A number of cognitive assessment tools, quality of life and personality 

measures, and the estimate of premorbid intelligence used in this study were 

chosen after a thorough review of the literature. The list of cognitive 

assessment tools used in the current study was developed further following 

discussion with a clinical neuropsychologist who regularly evaluated 

cognition in patients with brain tumours, as described below. Prior to the 

administration of these instruments and measures, a self-designed 

questionnaire was administered to ascertain information on socioeconomic 

factors, tobacco and alcohol consumption, and medical as well as 

medication/drug history. This questionnaire is shown in Appendix 10. 

 

The following text provides background information on these instruments and 

measures, including justification for their inclusion, as well as the scoring and 

final variables extracted for analysis in the current study.  

 

 

4.7.1.1 Self-designed questionnaire 

The self-designed questionnaire was created with the intention of collecting 

and confirming demographic, educational, socioeconomic, and clinical 

information regarding the study participants. The topics of the questions 

asked were as follows, presented in the same order as in the questionnaire 

itself: 

 

¶ Age 

¶ Handedness 

¶ Ethnicity 

¶ Sex 

¶ Performance (functional) status 

¶ Highest level of education prior to  brain tumour diagnosis (including 

dates) 
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¶ Education completed following  brain tumour diagnosis (including dates) 

¶ Type of school attended (private/state/outside the UK/unknown) 

¶ Recipient of free school meals 

¶ Parental/legal guardian occupation(s) 

¶ Parental/legal guardian degree status 

¶ Household income support status 

¶ Postcode of the main house the participant was raised in  

¶ Participantôs occupation prior to  brain tumour diagnosis 

¶ Participantôs current  occupation 

¶ Treatment received for brain tumour elsewhere (outside of NHNN/UCL 

Hospitals NHS Foundation Trust) 

¶ Other medical history / comorbidities 

¶ Medications taken (including recreational drugs, if applicable) 

¶ Alcohol history 

¶ Smoking history 

 

As noted in Section 4.7.2, below, some of this information (including 

demographic details and medical history) was collected through review of the 

medical records in part 2 of the study, and this facilitated triangulation and 

quality control of the data. Data on handedness were collected as it was 

relevant in the consideration of cerebral hemisphere dominance for language 

function, of relevance when evaluating the potential effects of tumour 

location on such function; handedness was evaluated through asking 

participants if they were "left or right hand dominantò (Question 2 in Appendix 

10). Although validated tools such as the Edinburgh Handedness Inventory 

(Oldfield, 1971) are available for a more formal assessment of handedness, 

the use of such tools was avoided in order to avoid unnecessarily burdening 

participants with additional assessments. For ethnicity, participants were 

asked to choose the letter from a list that most closely corresponded to their 

ethnicity based on the classification used in the 2011 UK Government 

Census (Table 4-1).  
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Table 4-1: Ethnicity classification used in the study 

Table derived from the groupings used in the 2011 UK Government Census; https://www.ethnicity-
facts-figures.service.gov.uk/style-guide/ethnic-groups/#2011-census (last accessed 2024-01-15) 

 

 

Data on performance (functional) status were collected using the Eastern 

Cooperative Oncology Group (ECOG) scale (Oken et al., 1982) (Table 4-2); 

this is a commonly used measure in clinical and research settings, to 

facilitate an overall impression of the level of disability of the participant and 

how a disease impacts their daily living abilities.  

 

 

Table 4-2: The Eastern Cooperative Oncology Group performance status scale  

Grade Description 

0 Fully active, able to carry on all pre-disease performance without restriction 

1 
Restricted in physically strenuous activity but ambulatory and able to carry out 

work of  a light or sedentary nature, e.g., light house work, of fice work  

2 
Ambulatory and capable of  all self -care but unable to carry out any work activities; 
up and about more than 50% of  waking hours 

3 
Capable of  only limited self -care; conf ined to bed or chair more than 50% of  
waking hours 

White  

A British, English, Northern Irish, Scottish or Welsh  
B Irish  

C Gypsy or Irish traveller  
D Any other white background, please specify on Questionnaire   

Mixed or multiple ethnic groups  

E White and Black Caribbean  
F White and Black African  

G White and Asian  
H Any other mixed or multiple ethnic background, please specify on Questionnaire  

Asian or Asian British  

I Indian 
J Pakistani  

K Bangladeshi  
L Chinese  
M Any other Asian background, please specify on Questionnaire  

Black, African, Caribbean or black British  

N Caribbean  

O African  
P Any other black British, African or Caribbean background, please specify on 

Questionnaire  

Other ethnic group  

Q Arab  

R Any other ethnic group, please specify on Questionnaire  
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4 Completely disabled; cannot carry on any self -care; totally conf ined to bed or chair 

Table derived from Oken et al. (1982) 

 

 

As demonstrated in the list of question topics above, there were a number of 

questions in the self-designed questionnaire that were designed to provide 

information about education and socioeconomic factors relevant to the 

participants. The questions were intentionally broad in scope in order to 

enrich the dataset as much as possible. The questions relating to the level of 

education completed prior to and following the diagnosis of a brain tumour 

were accompanied by options ranging from O Level/General Certificate of 

Secondary Education through to doctoral and professional degrees, and the 

dates of completion were requested from participants to facilitate the 

calculation of years of education, a common measure of educational 

attainment. The questions regarding the occupation of the participants and 

their parents/legal guardians were accompanied by spaces for free-text 

responses, and the responses were then coded to facilitate further analyses, 

as described in the following section.  

 

 

4.7.1.1.1 Socioeconomic classification 

Although it was originally planned to use the National Pupil Database 

maintained by the Department for Education in England to corroborate 

participantsô self-reported socioeconomic data, the time periods covered by 

the database were irrelevant to almost all participants and thus it was not 

used. 

 

Indices of Multiple Deprivation (IMD) data were used to facilitate 

socioeconomic classification and analysis. The IMD is the official measure of 

relative deprivation in England and defines deprivation through a wide range 

of an individualôs living conditions and not just income (Ministry of Housing, 

Communities & Local Government (UK), 2019). IMD data are based on a 

relative rank of each small area in England from the most to least deprived. 

There are 32,844 small areas (referred to as Lower-layer Super Output 
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Areas) in England, each with an average population of 1,500. The IMD 2019 

comprises of seven domains, which contribute with differing proportions to 

the overall index score as follows: 

 

¶ Income  (contributing 22.5%) - this measures the proportion of the 

population that experiences deprivation relating to low income across 

England. There are two supplementary income indices, the Income 

Deprivation Affecting Children Index (IDACI; a measure of the proportion 

of all children aged 0ï15 years living in income deprived families) and 

Income Deprivation Affecting Older People (IDAOPI; a measure of the 

proportion of those aged 60 years and over who experience income 

deprivation) 

¶ Employment  (22.5%) - this measures the proportion of the working age 

population in an area involuntarily excluded from the labour market  

¶ Education  (13.5%) - this is a measure of the lack of attainment and skills 

in the local population 

¶ Health  (13.5%) - a measure of the risk of premature death and the 

impairment in quality of life through poor physical or mental health  

¶ Crime  (9.3%) - a measure of the risk of personal and material 

victimisation at the local level 

¶ Barriers to Housing & Services  (9.3%) - a measure of the physical and 

financial accessibility of housing and local services 

¶ Living Environment  (9.3%) - a measure of the quality of both the indoor 

and outdoor local environment 

 

Of note, there is no definite threshold over which an area is classified as 

deprived, and the IMD represents a relative rather than absolute measure of 

deprivation. 

 

In the current study, the postcode of the house where the participant spent 

most of their childhood was used to determine the Lower-layer Super Output 

Area and the relative deprivation of the area where they lived for the majority 

of their childhood; information on the relative deprivation was generated for 
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all of the above-listed domains and an overall index score was also 

generated. For the purposes of the current analyses, decile IMD data were 

used for relative comparisons given the small numbers of participants. As the 

data only cover postcodes in England, it was not possible to calculate the 

IMD for participants who spent most of their childhood outside of England. 

 

In addition to the IMD analyses, data on the occupations of the participants 

and their parents/legal guardians were collected through the self-designed 

questionnaire and analysed using the National Statistics Socio-economic 

Classification (NS-SEC). The NS-SEC was developed from the Goldthorpe 

Schema sociological classification and was constructed to enable the 

measurement of employment relation and conditions of occupations 

(Goldthorpe, 2007), demonstrating the structure of socio-economic positions 

in contemporary society. The NS-SEC is an occupationally based 

classification but incorporates rules for coverage of the whole adult 

population. The information necessary for determining NS-SEC attributions 

in individuals is occupation coded to the unit groups of the Standard 

Occupational Classification 2020 (Office for National Statistics, 2023) as well 

as information regarding employment status.  

 

The óssecô column highlighted in the table excerpt below (Table 4-3) was 

used to identify the analytic class of each individualôs occupation and that of 

their parents/legal guardians. For the participants of the study, data on their 

occupation prior to and following the LGG diagnosis were collected to 

evaluate for changes in occupation and corresponding NS-SEC Class. For 

the purposes of the current study, occupation following the LGG diagnosis 

was defined as the occupation of the participant at the time of study 

participation. 
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Table 4-3: Excerpt of occupation analytic classes based on the Standard Occupational Classification 
2020 

 

Red emphasis around the óssecô column has been added manually. Table sourced from the Office for 
National Statistics website (Office for National Statistics, 2020). 

 

 

The number in the ssec column associated with the specific occupational 

category for each participant and their parents/legal guardians was then 

used in combination with the three-class version of the NS-SEC (Table 4-4) 

to group participants and their parents/legal guardians into one of the 

following categories: 

 

1. Higher managerial, administrative, and professional occupations 

2. Intermediate occupations 

3. Routine and manual occupations 

 

As shown in Table 4-4, there are eight- and five-class versions of the NS-

SEC available, but these were not used because: (a) the level of granularity 

that they offer would result in small numbers in each group, hindering 

meaningful statistical analysis; and (b) unlike the eight- and five-class 

versions of the NS-SEC, the three-class version has a more ordinal nature 

as it has effectively removed a separate class of self-employed individuals, 
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thus facilitating statistical analyses. Nevertheless, to confirm the reliability of 

the results obtained using the three-class NS-SEC and to ensure the lack of 

artefacts within the data, the analyses evaluating the correlation between the 

various NS-SEC variables in the current study were repeated using the 5-

class NS-SEC system, and the correlations that flagged as significant were 

identical.
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Table 4-4: NS-SEC operational categories and classes (eight-, five-, and three-class versions)  
Operational categories  Analytic classes  

Eight classes  Five classes  Three classes  

L1 
  

Employers in large 
establishments  

1 
 
 
 

 
  

Higher managerial, 
administrative, and professional 
occupations 

1 
 
 
 

 
 
 

 
 
 
  

Managerial, 
administrative, and 
professional 
occupations 

 
 
 

 
 
 
 

  

1 
 
 
 

 
 
 

 
 
 
  

Managerial, 
administrative, and 
professional 
occupations 

 
 
 

 
 
 
 

  

L2 

 
  

Higher managerial and 

administrative 
occupations  
  

1.1 Large employers and higher 

managerial and administrative 
occupations 

L3 Higher professional 
occupations  

1.2 Higher professional 
occupations 

L4 
  

Lower professional and 
higher technical 

occupations  

2 
 

 
 
  

Lower managerial, administrative, 
and professional occupations 

 
 
  

L5  Lower managerial and 
administrative 
occupations  

L6 Higher supervisory 
occupations  

L7 Intermediate occupations  3 Intermediate occupations 2 Intermediate 
occupations 

2 
 
 

  

Intermediate 
occupations 
 

 
  

L8 
  

Employers in small 
establishments  

4 
 

  

Small employers and own 
account workers 

  

3 
 

  

Small employers and 
own account workers 

  L9 Own account workers  

L10 Lower supervisory 
occupations  

5  Lower supervisory and technical 
occupations 

4  Lower supervisory and 
technical occupations 

3 
 

  

Routine and manual 
occupations 

  L11 Lower technical 
occupations  

L12 Semi-routine occupations  6 Semi-routine occupations 5  Semi-routine and routine 

occupations L13 Routine occupations  7 Routine occupations 
L14 

 
 
 
 

Never worked and long -

term unemployed  
 
 

8 

 
 
 

Never worked and long-term 

unemployed 
 
 

* Never 

worked and 
long-term 
unemployed 

 

 
 

* Never 

worked and 
long-term 
unemployed 

 

L15 Full -time students  For complete coverage, categories L15, L16 & L17 are added as óNot classifiedô.  
L16 
 

Occupations not stated or 
inadequately described  

The composition of óNot classified' will depend on the data source. 
 

 

L17 
 

Not classifiable for other 
reasons  

       

Content sourced from Office for National Statistics (2020) 
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4.7.1.2 Cognitive tests 

4.7.1.2.1 Mini-Mental State Examination (MMSE) 

The MMSE (Folstein et al., 1975) is a validated and widely used screening 

measure of cognitive function. It covers the domains of orientation to time 

and place, attention and calculation (through spelling óWORLDô backwards 

and the serial subtraction of 7 starting from 100, respectively), language 

(naming, repetition, comprehension, reading, writing, and copying), and 

immediate and delayed recall (of three words).  

 

The standard scoring technique for the MMSE is to simply summate the total 

number of correct answers. An MMSE score was generated for each 

participant using this approach, generating a non-negative integer with a 

maximum possible value of 30. Higher MMSE scores indicate better 

cognitive function and, although the cut-off for ónormalô cognition has been 

variously defined, scores of 24 or 25 and above are often considered normal 

(Salis et al., 2021).  

 

The strengths of the MMSE include the fact that it is short, quick to 

administer, and is easily scored. However, it does not detect all cases of 

cognitive dysfunction (Racine et al., 2015). For example, in one study of 10 

patients with WHO grade II diffuse glioma treated with chemotherapy and 

surgery, the MMSE scores were within normal range for all patients at the 

time of assessment (median of 17.9 months after surgery), yet on detailed 

neuropsychological testing seven patients had significant cognitive deficits in 

at least one cognitive domain (Blonski et al., 2012). In a separate study of 27 

patients with WHO grade IïIII gliomas that completed the MMSE and a 

battery of cognitive tests, the sensitivity of the MMSE in detecting cognitive 

impairment was only 36% (Boone et al., 2016). As discussed in Chapter 2, 

several previous studies evaluating cognition in patients with brain tumours 

relied on the MMSE as a standalone measure of cognitive function; however, 

as a screening tool it was never intended for the purpose of a detailed 

cognitive assessment and it is widely recognised that reliable cognitive 

assessments in patients with brain tumours are only obtained with use of a 
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comprehensive neuropsychological battery (Becker et al., 2016). Despite 

these limitations, the MMSE was included in the current study because of the 

ease with which it can be administered and the large number of previous 

brain tumour studies that have used it (see Appendix 4), thus providing a 

useful high-level measure for comparing the current study population to that 

of previous studies; for example, a comparison of the mean MMSE score of 

the current study cohort to that of other studies could be contextually useful 

when interpreting and comparing the other results of such studies. As will be 

shown later in this chapter, the participants of the current study did not 

demonstrate marked deficits when evaluated with the MMSE.  

 

Acknowledging that the administration of a more comprehensive battery of 

tests was required alongside the MMSE in order to sensitively detect 

cognitive impairment in the study population, a battery recommended by the 

Response Assessment in Neuro-oncology (RANO) working group (M. Van 

Den Bent et al., 2011) was utilised. The RANO-recommended battery 

assesses four cognitive domains: memory, through administration of the 

Hopkins Verbal Learning Test-Revised (HVLT-R) (Benedict et al., 1998); 

verbal fluency, through the Multilingual Aphasia Examination Controlled Oral 

Word Association Test (COWAT) (Benton & Hamsher, 1989); visual-motor 

scanning speed, through part A of the Trail Making Test (TMT) (Lezak et al., 

2004); and executive function, through part B of the TMT (Lezak et al., 

2004). These tests are now described. 

 

 

4.7.1.2.2 Hopkins Verbal Learning Test-Revised (HVLT-R) 

The HVLT-R (Benedict et al., 1998) incorporates a list of 12 nouns derived 

from 3 semantic categories; there are six alternate forms, and each form 

comprises a different semantic category. The test comprises of three 

learning trials that measure immediate recall, a delayed recall trial that is 

administered without forewarning the participant after a delay of 20ï25 

minutes, and a yes/no delayed recognition trial. The delayed recognition trial 

comprises a randomised list of 12 target and 12 nontarget words 
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(distractors), six of which are derived from the same semantic categories as 

the target words (semantically related distractors) and the other six are not 

(semantically unrelated distractors). Form 4 of the HVLT-R was used in the 

current study, which focused on birds, articles of clothing, and carpenterôs 

tools. In this form, the stimulus items comprised of the following targets: 

canary, shoes, eagle, blouse, nails, crow, bluebird, screwdriver, pants, 

chisel, skirt, and wrench. In addition, the semantically related distractors 

were shirt, socks, sparrow, saw, robin, and hammer, while the semantically 

unrelated distractors were chapel, apple, child, hair, silver, and chocolate.  

 

The final score for each participant was generated using standard measures, 

as follows. First, the total number of words recalled in the three learning trials 

and the delayed recall trial were summated (each with a maximum score of 

12). The recall scores were also combined to form three additional measures 

of learning and memory: (1) the total recall score, which was the sum of 

learning trials 1ï3; (2) the percentage retention score, which was the trial 4 

recall divided by the best score in trials 2 and 3 (multiplied by 100); and (3) 

the recognition discrimination index, which was calculated as the number of 

true positives minus the number of false positives. The raw scores for four 

HVLT-R measures, the three measures listed in the preceding sentence as 

well as the delayed recall score, were converted to T scores using age-

based tables provided in the test manuals (Benedict & Brandt, 2001; Brandt 

& Benedict, 2001). For the purposes of the current study, the four resulting T 

scores were summated for each patient and the resulting single HVLT-R 

score was used in the subsequent analyses. A higher HVLT-R score 

indicated better performance. 

 

 

4.7.1.2.3 Controlled Oral Word Association Test (COWAT) 

The COWAT (Benton & Hamsher, 1989) requires the participant to produce 

orally as many words as possible beginning with a specified letter during 

three one-minute trials, with each trial utilising a different letter. Different 

three-letter combinations have been used when administering this test, and 
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letter choice is likely to influence the results to an extent due to differences in 

letter difficulty and word frequency for each letter (Borkowski et al., 1967); 

the letters C, F, and L were used for word generation when administering the 

COWAT in the current study.  

 

The final COWAT score was derived by the sum of all acceptable words 

provided for the three letters tested, corrected for age and educational level 

using the data in Table 4-5, below (adapted from Benton et al. (1994)). A 

higher COWAT score indicated better performance. 

 

 

Table 4-5: Score adjustments for the COWAT according to age and years of education  

Age range (years) Education (years) Score adjustment 

25ï54 <9 +9 

 9ï11 +5 
 12ï15 +3 
 16+ - 

55ï59 <9 +10 

 9ï11 +7 
 12ï15 +4 

 16+ +1 

60ï69 <9 +12 
 9ï11 +9 
 12ï15 +6 

 16+ +3 
Table data adapted from Benton et al. (1994) 

 

 

4.7.1.2.4 Trail-Making Test (TMT) 

The TMT (Lezak et al., 2004) comprises two parts. Part A requires the 

subject to connect, by making pencil lines, 25 encircled randomly arranged 

numbers on a paper in numerical order as rapidly as possible. Part B is 

similar to part A but instead involves 25 encircled numbers and letters that 

require connections to be made in alternating order (i.e., number, then letter, 

then number, then letter, and so on). Both parts require perceptual tracking 

of a sequence and speeded performance, but part B also requires divided 

attention. In addition to a measure of visual-motor scanning speed (part A) 

and executive function (part B), the TMT is also used as a measure of visual 

speed working memory. Thus, the tests are not pure measures.  
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Scoring for both parts of the TMT was performed based on the time in 

seconds required to complete each part and, for the purposes of analyses in 

the current study, the scores for both parts were combined into a single TMT 

score (i.e., the combined time to complete parts A and B). A higher overall 

TMT score indicated worse performance. 

 

Following discussion with a clinical neuropsychologist who regularly 

assesses cognitive function in patients with brain tumours at NHNN, two 

additional measures of executive function were chosen for inclusion in the 

current study: the Stroop Test - Victoria version (Regard, 1981), a test of 

inhibitory control, and the Hayling and Brixton Tests (Burgess & Shallice, 

1997), tests of response initiation/suppression and of visuospatial 

sequencing/rule attainment, respectively. 

 

 

4.7.1.2.5 Stroop Test - Victoria version 

There are a number of variations of the Stroop Test available. In the current 

study, the Victoria version (Regard, 1981) was utilised, which consists of 

three tasks, each administered using a card containing six rows of four items. 

In the first task, the participant is presented with a series of 24 dots of four 

different colours (green, blue, yellow, and red) arranged pseudorandomly in 

a grid of six lines, so that each of the four colours is presented once in each 

row and each colour is presented six times in total across the task. The 

participant is instructed to name the colours of the dots as quickly as 

possible and in order, beginning with the dot in the top left corner and 

working across the row before moving to the next row. In the second task, 

the participant is presented with 24 lowercase words presented as four 

words in each of six rows, and each word is coloured in one of the same four 

colours as in task one. The words (when, hard, and, over) have no relation to 

the colour of the word, and the order of the colours is the same as for task 

one. In this task, the participant is asked to name the colour of the words as 

quickly as possible, proceeding in the same order as for task one, and to 
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disregard the verbal content of the words. The third task is similar to task 

two, except the words used are colours (blue, yellow, red, green), but to 

complicate matters the words are conflicting with the actual colour of the 

word so that the print colour never corresponds to the colour name; thus, the 

word óblueô is never shown in blue font, óyellowô never in yellow font, óredô 

never in red fontô, and ógreenô never in green font. The participant is asked to 

name the colours in which the words are printed (and not the colours stated 

by the word) as quickly as possible. The Victoria version of the Stroop Test 

has a number of advantages over other versions of the Stroop Test. First, it 

is quick to administer relative to other versions that have more items in each 

component task (24 in the Victoria version versus 60ï112 in others) which, in 

addition to the efficiency benefits, may also be preferable in the identification 

of individuals with difficulty completing the tasks. This is because there is 

evidence that differences in the task performance between younger and 

older adults in the 100-item version of the Stroop Test are more pronounced 

in the initial 40 items than the last 60 items, perhaps due to practice effects 

later in the task (Klein et al., 1997). Another advantage is the availability of a 

reasonable normative database for the Victoria version. 

 

This task evaluates a participantôs inhibitory control as it requires them to 

inhibit an automatic reading response and produce a colour-naming 

response (which is more effortful for the participant). For scoring of the 

Victoria version of the Stroop Test, the time taken to complete each task, as 

well as the number of non-self-corrected errors made, were noted. Most 

analyses of the Stroop Test in the literature focus on an óinterference effectô. 

Although an interference effect can be evaluated by calculating the extra 

time required to name colours in the interference task (task three) relative to 

the time required to name colours in the control task (task one), it has been 

shown that differences can be influenced by age-related slowing (Graf et al., 

1995; Verhaeghen & De Meersman, 1998); to mitigate this, use of a Ratio 

Index of Interference is recommended whereby the time taken to complete 

task three is divided by the time taken to complete task one (Graf et al., 

1995). This interference ratio, where higher values indicate worse 

performance, was the variable used for analysis in the current study.  
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4.7.1.2.6 Hayling and Brixton Tests 

The Hayling and Brixton Tests (Burgess & Shallice, 1997) comprises of two 

tests, referred to in full form as the Hayling Sentence Completion Test and 

the Brixton Spatial Anticipation Test. 

 

 

4.7.1.2.6.1 Hayling Sentence Completion Test 

The Hayling Test is further divided into two sections, each comprising a set 

of 15 sentences in which the last word is missing. The first part of each 

sentence is read out by the investigator, with each sentence clearly 

incomplete, requiring the participant to complete the sentence by responding 

orally with a word to complete the sentence as quickly as possible. In Section 

1 of the Hayling Test, referred to as ósensible completionô, the participant is 

asked to provide an appropriate (i.e., logical) word to complete the sentence. 

For example, for the incomplete sentence ñThe old house will be tornéò, an 

appropriate response from the participant would be ñdownò. In Section 2 of 

the Hayling Test, referred to as óunconnected completionô, the participant is 

asked to intentionally complete the sentence with an illogical word that is 

completely unconnected to the incomplete sentence. For example, for the 

incomplete sentence ñThe captain wanted to stay with the sinkingéò an 

appropriately illogical response could be ñmoonò. This section of the Hayling 

Test therefore requires the participant to inhibit a strongly activated, 

automatic response prior to the generation of a new, illogical response. 

 

The Hayling Test results were scored following the standard procedures 

listed in the test documentation, which is now summarised. Scoring of 

Section 1 of the Hayling Test (ósensible completionô) resulted in a simple 

measure of response speed, whereas Section 2 (óunconnected completionô) 

resulted in two scores: an error score and response latency. The response 

latency was recorded in whole seconds and not rounded up; thus, for 

example, a response time up to 0.99 seconds was scored as 0. A raw score 

was generated for both sections of the Hayling Test based on summating the 
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rounded response latencies. The rounded response latencies were 

summated for each section of the Hayling Test separately and converted to 

two scaled scales using tables provided with the testing materials: for 

Section 1, possible scores in the scaled score range from 1 (ñImpairedò) to 7 

(ñHigh averageò), whereas for Section 2 they range from 1 (ñImpairedò) to 8 

(ñGoodò). For Section 2 of the Hayling Test, additional analyses were 

performed to generate an additional (third) scaled score; to do this, each of 

the 15 responses is categorised as either being correct (the word produced 

is completely unconnected to the sentence; scored as zero points), a 

category B error (the response is somewhat connected to the meaning of the 

sentence but does not result in direct sentence completion), or a category A 

error (the participant completes the sentence in an entirely plausible and 

logical manner). The total number of category A and B errors were 

summated separately and used to generate an ñA scoreò and ñB scoreò, 

respectively. The A and B scores were then combined and transformed to a 

scaled score ranging from 1 (ñImpairedò) to 8 (ñGoodò) using a table provided 

on the scoring sheet. The three scaled scores were then converted an 

overall scaled score (ranging from 1 [ñImpairedò] to 10 [ñVery superiorò]) 

using another table in the test materials. It is this overall scaled score that 

was used for further analysis in the current study. 

 

 

4.7.1.2.6.2 Brixton Spatial Anticipation Test 

The Brixton Test comprises a 56-page stimulus booklet, in which each page 

presents the same layout of 10 circles spread across two rows of five circles 

each, with each circle numbered from 1 to 10. On each page, one of the 

circles is filled in blue colour, and the position of this filled circle changes 

from one page to the next. The changes in position of the filled circle result 

from simple rules that vary without advance warning to the participant. While 

showing the participant one page at a time, they are asked to decide where 

they believe the position of the filled circle will appear on the next page, 

through the application of patterns/rules identified on previous pages of the 

booklet. Participants can respond either verbally or by pointing to the 
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position. Scoring is based on summating the total number of errors, with the 

total score converted to a scaled score (ranging from 1 [ñImpairedò] to 10 

[ñVery superiorò]) using a table provided in the test materials. Response 

latency is not recorded for the Brixton Test, only the accuracy of the 

response. The response to the first item is excluded from the score due to 

the nature of the test and that this initial response is a guess without prior 

data to inform the decision-making process. The overall scaled score was 

the variable used for further analysis in the current study. 

 

 

4.7.1.3 Quality-of-life measures 

In this study, more than one quality-of-life assessment tool was administered 

to participants. These toolsðvalidated and utilised widely in the literatureð

are described below. It was hoped that the use of multiple quality-of-life 

assessment tools would allow more concrete conclusions to be made about 

specific quality-of-life domains that were evaluated in more than one tool, if 

the patterns observed among participants were similar across the tools; as 

will be shown later in this chapter, this corroboration was demonstrated to an 

extent, for example with the domain of emotional functioning/well-being. In 

addition, although there was much overlap across the assessment domains 

of the quality-of-life measures, there were also aspects that were unique to 

each measure and thus using all of these tools also added richness to the 

data collected. 

 

Although the use of more than one quality-of-life assessment tool did add to 

the participant assessment burden, I was present during the entirety of the 

test administration period and there were no indications that participants 

were fatigued by completion of the additional quality-of-life assessment tools. 

For the one participant who was withdrawn from the study due to fatigue, this 

fatigue was not attributable to the quality-of-life assessment tools as their 

fatigue manifested early during the cognitive test administration, prior to the 

administration of the quality-of-life assessment tools towards the end of the 

study visit. 
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The quality-of-life assessment tools administered in the current study are 

now described.   

 

 

4.7.1.3.1 European Organisation for Research and Treatment of Cancer 

(EORTC) Quality of Life Questionnaires (QLQ): QLQ-C30 and -

BN20 

The EORTC QLQ-C30 is a 30-item instrument designed to measure quality 

of life in patients with cancer. It is the main ócoreô module of the quality of life 

questionnaires devised by the EORTC, and asks responds about their 

experiences across a range of potential issues faced by patients with cancer, 

such as mobility, self-care, symptoms, and effects on family life, social 

activities, and finances. Version 3.0 of the questionnaire was used in the 

current study. The first 28 questions require the respondent to rate the extent 

to which a specific issue has affected them on a scale from 1 (ñNot at allò) to 

4 (ñVery muchò), with 23 of these focusing on the participantôs experience of 

the named issues or symptoms in the week preceding the questionnaire. The 

final two questions are summarising evaluations that ask the participant to 

rate their overall health and overall quality of life during the preceding week 

on a scale ranging from 1 (ñVery poorò) to 7 (ñExcellentò). 

 

Scoring of the EORTC QLQ-C30 was performed in line with the official 

scoring manual (Fayers et al., 2001), where the 30 items were grouped into 

three domains (global health status / quality of life, functional scales, and 

symptom scales / items) and scales, as shown in Table 4-6, below.  

 

Table 4-6: Domains and scales for scoring responses to the EORTC QLQ-C30  

Domain Number of items 

within the 

domain  

Item range* 

Global health status / quality of life 2 6 

Functional scales   

- Physical functioning 5 3 
- Role functioning 2 3 
- Emotional functioning 4 3 

- Cognitive functioning 2 3 
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- Social functioning 2 3 

Symptom scales / items   
- Fatigue 3 3 

- Nausea and vomiting 2 3 
- Pain 2 3 

- Dyspnoea 1 3 
- Insomnia 1 3 
- Appetite loss 1 3 

- Constipation 1 3 
- Diarrhoea 1 3 

- Financial difficulties 1 3 
* Defined as the difference between the maximum and minimum responses possible for individual 
items.  
Scoring based on Fayers et al. (2001). 

 

 

A raw score was calculated for each scale as the mean of the scaleôs 

component items, as follows:  

 

Raw score = (Item 1 + Item 2 + é + Item n) / n 

 

Following creation of the raw scores for each scale, the final score for each 

of the functional scales, symptom scales / items, and global health status / 

quality of life were calculated through linear transformation of the scores to a 

0ï100 scale, as follows: 

 

For the functional scales : 

 

Final score = ρ  
   

 
 ρππ 

 

For the symptom scales / items  and global health status / quality of life : 

 

Final score = 
   

 
 ρππ 

 

where item range is as defined as per the footnote to Table 4-6, above. 

 

The differences in the final score calculation techniques between the 

functional scales and the symptom scales / items and global health status / 
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quality of life result in a high final scale score representing a higher response 

level, and specifically: 

¶ a higher level of functioning in the functional scales,  

¶ high quality of life in the global health status / quality of life domain, but  

¶ a high level of symptomatology / problems in the symptom scales / items.  

 

The EORTC QLQ-C30 is complemented by a range of ómodulesô that are 

available for a range of specific pathologies, symptoms, and important quality 

of life issues affecting patients with cancer, including aspects of care (such 

as patient satisfaction), and the psychological needs or experiences of 

patients. The EORTC QLQ-BN20 is one of these modules, and focuses on 

the quality of life of patients with brain tumours. It consists of 20 items that 

assess a range of potential concerns and symptoms experienced by patients 

with brain tumours, including future uncertainty as well as visual, mobility, 

and communication difficulties. All 20 items relate to the respondentôs 

experience in the week prior to completion of the questionnaire, and 

responses to all 20 items are provided using a scale ranging from 1 (ñNot at 

allò) to 4 (ñVery muchò).  

 

Scoring of the EORTC QLQ-BN20 was performed in line with the literature 

(M. J. B. Taphoorn et al., 2010). The categories of the scales and single 

items are shown in Table 4-7, below. 

 

 

Table 4-7: Scales and single items in the EORTC QLQ-BN20 

Scale / single item Number of items 

within the 

domain  

Item range* 

- Future uncertainty 4 3 
- Visual disorder 3 3 
- Motor dysfunction 3 3 

- Communication deficit 3 3 
- Headaches 1 3 

- Seizures 1 3 
- Drowsiness 1 3 
- Hair loss 1 3 

- Itchy skin 1 3 
-Weakness of legs 1 3 
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- Bladder control 1 3 
* Defined as the difference between the maximum and minimum responses possible for individual 
items. 

 

 

A raw score was calculated for each scale as the mean of the scaleôs 

component items, as follows:  

 

Raw score = (Item 1 + Item 2 + é + Item n) / n 

 

Following creation of the raw scores for each scale, all scales and single 

items were linearly transformed to a 0ï100 scale, with higher scores 

indicative of more severe symptoms, as follows: 

 

Final score = 
   

 
 ρππ 

 

where item range is as defined as per the footnote to Table 4-7, above. 

 

 

4.7.1.3.2 Functional Assessment of Cancer Therapy - Brain (FACT-Br) 

The FACT-Br is a 50-item instrument that evaluates general well-being and 

brain cancer-specific concerns, with the items grouped into the following 

categories: physical well-being, social / family well-being, emotional well-

being, functional well-being, and additional concerns, with the initial four 

categories representing general items and the latter being used to generate 

a brain cancer subscale. Each item represents a statement and respondents 

are asked to indicate their agreement with the statement as it applies, in the 

preceding seven days, using a Likert-type scale ranging from 0 (ñNot at allò) 

to 4 (ñVery muchò).  

 

The standard scoring process for responses was followed (available on the 

following website: https://www.facit.org/measures/fact-br). In brief, scores 

were generated for each item, with reverse scoring where indicated, and 

overall subscale scores were generated as indicated in  Table 4-8, below. 

https://www.facit.org/measures/fact-br
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Reverse scoring was performed by subtracting the participants response 

from 4. 

 

 

Table 4-8: Subscales within the FACT-Br and scoring technique 

Subscale Number of 

items 

within the 

subscale  

Number of 

reverse-

scored 

items 

How the subscale score is 

generated for each 

participant  

Physical well-being 7 7 The 7 individual item scores 

(created by reverse scoring) 
were summed, multiplied by 
7, and then divided by the 

number of the 7 items 
answered by the participant 

to generate a PWB subscale 

score 
Social / family well-

being 

7 0 The 7 individual item scores 

were summed, multiplied by 
7, and then divided by the 
number of the 7 items 

answered by the participant 
to generate a SWB subscale 

score 
Emotional well-
being 

6 5 The 6 individual item scores 
(five created by reverse 

scoring) were summed, 
multiplied by 6, and then 

divided by the number of the 
6 items answered by the 
participant to generate an 

EWB subscale score 
Functional well-

being 

7 0 The seven individual item 

scores were summed, 
multiplied by 7, and then 
divided by the number of the 

7 items answered by the 
participant to generate a 

FWB subscale score 
Brain cancer 
subscale 

23 13 The 23 individual item scores 
(13 created by reverse 

scoring) were summed, 
multiplied by 23, and then 

divided by the number of the 
23 items answered by the 
participant to generate a BrC 

subscale score 
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Using the subscales generated as indicated in  Table 4-8, above, three 

standard measures were generated using the methodology listed in the 

scoring guide for the questionnaire, as follows: 

 

FACT-Br Trial Outcome Index (TOI)  = PWB score + FWB score + BrCS 

score (possible score range: 0ï148) 

 

FACT-G total score  = PWB score + SWB score + EWB score + FWB score 

(possible score range: 0ï108) 

 

FACT-Br total score  = PWB score + SWB score + EWB score + FWB score 

+ BrCS score (possible score range: 0ï200) 

 

Higher scores in all of the above measures were indicative of a better quality 

of life. 

 

 

4.7.1.4 Personality type 

There are several theories and associated assessments for personality in the 

psychology literature (Cervone & Pervin, 2022). A widely accepted 

personality theory is called the óbig fiveô, which states that personality can be 

broken down into five core factors: extraversion, agreeableness, openness, 

conscientiousness, and neuroticism. The Big Five Inventory (John et al., 

2008) is one such measure of personality and was utilised in the current 

study. This test asks participants to indicate their agreement with 44 

statements (for example, ñI am someone who é is talkativeò) using a scale 

ranging from 1 (ñDisagree stronglyò) to 5 (ñAgree stronglyò). The items are 

then scored using standard guidelines, with some items reverse scored, and 

each participant is given a óscoreô for each of the five dimensions. The 

dimensions, facets of the dimensions, and associated trait adjectives used in 

the questionnaire wording are shown in  Table 4-9, below. 
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Table 4-9:The five dimensions, associated facets, and trait adjectives of the Big Five Inventory  

Dimension Facet Adjective used in the 

questionnaire 

Extraversion / introversion  Gregariousness 

Assertiveness 
Activity  
Excitement-seeking 

Positive emotions 
Warmth 

Sociable 

Forceful 
Energetic 
Adventurous 

Enthusiastic 
Outgoing 

Agreeableness / 
antagonism  

Trust 
Straightforwardness 
Altruism 

Compliance 
Modesty 

Tender-mindedness 

Forgiving 
Not demanding 
Warm 

Not stubborn 
Not show-off  

Sympathetic 
Conscientiousness / lack of 
direction 

Competence 
Order 

Dutifulness 
Achievement striving 
Self-discipline 

Deliberation 

Efficient 
Organised 

Not careless 
Thorough 
Not lazy 

Not impulsive 
Neuroticism / emotional 

stability 

Anxiety 

Angry hostility 
Depression 
Self-consciousness 

Impulsiveness 
Vulnerability 

Tense 

Irritable 
Not contented 
Shy 

Moody 
Not self-confident 

Openness / closedness to 
experience 

Ideas 
Fantasy 
Aesthetics 

Actions 
Feelings 

Values 

Curious 
Imaginative 
Artistic 

Wide interests 
Excitable 

Unconventional 
Adapted from John and Srivastava (1999) 

 

 

It is important to note that scoring of the Big Five Inventory is not performed 

with the intention of identifying a hypothetical óidealô or ónormalô personality 

trait across the five dimensions in relation to the study sample, but instead it 

has been performed to offer insights into potential relationships between 

personality ótypesô and quality of life in the study population. In particular, it 

may be possible that a participantôs self-reported quality of life (as 
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determined using the measures described earlier) could be influenced by 

their personality.  

 

 

4.7.1.5 Estimate of premorbid intelligence 

An estimate of premorbid intelligence was included in the assessment 

battery to serve as a proxy measure for cognitive reserve. Such tools are 

referred to as hold tests, i.e., cognitive tests that are largely resistant to 

cognitive decline following neurological damage, including that resulting from 

a brain tumour. The NART (H. E. Nelson, 1982) is a validated tool that 

estimates premorbid intelligence through measuring crystallised intelligence 

stored in knowledge and skills such as vocabulary and pronunciation, and 

was used in the current study.  

 

 

4.7.1.5.1 National Adult Reading Test (NART) 

The NART is a single-word, oral reading test that comprises of 50 words that 

are all irregular in that they violate grapheme-phoneme correspondence 

rules (an example is the word óchordô). The words are provided on individual 

cards and displayed to participants one at a time, and the participant is 

asked to read each word without a response time limit. As the words involved 

are irregular, intelligent guessing should not provide the correct answer, and 

instead the test is a measure of previous word knowledge (hence why this is 

a test of crystallised and not fluid intelligence). Furthermore, as the test 

utilises only single words, the stimulus that a participant needs to analyse is 

not complex, thus minimal demands on current cognitive capacity are made. 

The test originated from the finding that, in patients with dementia, oral 

reading is often preserved despite reading for meaning being commonly 

impaired. A limitation to the accuracy of using a reading test like the NART 

would be in a patient with speech difficulties (dysphasia); none of the 

participants in the current study had speech difficulties, and thus this was not 

relevant to the current study.  
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There is a reasonable body of evidence supporting the notion that NART 

scores primarily index premorbid rather than current (i.e., at the time of 

administration) intelligence (for example, Crawford et al. (2001)). Although it 

has been suggested that the NART may not be a good indicator of premorbid 

IQ in patients with glioma (Ebmeier et al., 1993), it has been widely used for 

this purpose in patients with glioma and other brain tumours (Awwad et al., 

1990; Campanella et al., 2021; MacPherson et al., 2017, 2020) and, as 

shown by the systematic review presented in Chapter 2, it appears to be a 

robust method of evaluating cognitive reserve. The commonest measure of 

cognitive reserve, years of formal education, has been shown in a number of 

studies to not predict cognitive outcomes in patients with brain tumours 

(Campanella et al., 2021; Kaleita et al., 2004; MacPherson et al., 2017); this 

is perhaps because the length of education does not give an indication of the 

quality of the education received, which is probably more important in the 

evaluation of cognitive reserve. Some have noted that the NART is limited by 

overestimating premorbid ability in those with very low scores and 

underestimates ability in those with very high scores (Bright et al., 2018; 

Mathias et al., 2007; H. Nelson & Wilson, 1991). However, the mean NART 

error score in the current study was 15.14 out of a maximum of 50, with a 

standard deviation of 7.499 and a ShapiroïWilk test value of 0.966 

(p=0.652), indicating a relatively small spread of the data and that the data 

followed a normal distribution. Given these nuances, the NART and data on 

years of education were both used as measures of cognitive reserve in the 

current study. 

 

With permission from the participants, their verbal responses to the NART 

were recorded electronically and stored in an anonymised format for later 

scoring. The number of incorrectly pronounced words were summated to 

provide a ótotal NART errorsô score, in line with the standard scoring of the 

NART (H. E. Nelson, 1982), and this score was incorporated into linear 

regression equations to predict scores in the Wechsler Adult Intelligence 

Scale version IV (WAIS-IV) following a previously published and validated 

technique based on a British sample (Bright et al., 2018), as follows: 
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Predicted WAIS-IV full-scale IQ = -0.975 x NART error score + 126.41 

 

The resulting variable, termed óNART-predicted premorbid IQô, was used in 

the analyses. 

 

 

4.7.2 Part 2 (retrospective study): medical record review 

In part 2 of the study, medical records were used to obtain information 

regarding the participantsô clinical journey. The specific information obtained 

from the medical notes, where available, included: 

 

¶ Demographic information, including date of birth, ethnicity, and sex 

¶ Date of diagnosis, to facilitate calculation of the time since diagnosis (at 

the point of participation in the study) 

¶ Clinical symptoms at the time of diagnosis 

¶ Confirmation of the specific tumour type diagnosed, including the WHO 

grade (using dedicated and detailed histopathology reports, where 

available) 

¶ Other histopathological and molecular or genetic details regarding the 

tumour that could be relevant  

¶ Treatment(s) received for the brain tumour, including the number of 

operations performed and the administration of chemotherapy and/or 

radiotherapy, as well as the chronology of the treatment(s) and the time 

since the last surgery/chemotherapy/radiotherapy treatment 

¶ The use of anti-epileptic medication(s), including the number, type, and 

dose of medication(s) used 

¶ Complication(s) associated with either the brain tumour itself or the 

treatment(s) administered 

¶ Other medical conditions and their potential impact on the brain tumour 

and its management 

¶ Other medication(s) taken by the participant that were not directly related 

to the management of the brain tumour 
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¶ Neuropsychology assessments performed pre- and post-operatively 

(where available) 

¶ Clinical status of the participant during the follow-up period, including 

information regarding recurrence of the tumour as well as its timing, if 

relevant 

¶ Any other potentially relevant information identified during review of the 

medical records 

 

Some of this information was also collected directly from participan ts using 

the self-designed questionnaire (see Section 4.7.1.1, above). The use of two 

sources for these data allowed corroboration and served as a form of quality 

control. There were no significant discrepancies noted between the data from 

these two sources. 

 

The medical records were also used to access imaging data for analysis; 

further information about these data is provided in Chapter 5. 

 

 

4.8 Sequence and process of data collection 

4.8.1 Part 1: prospective data collection 

Data collection for the current study took place in -person at the NHNN, within 

the administrative offices of the NHNN to provide a quiet and distraction-free 

place for data collection to occur. Upon arrival, all study participants were 

asked if they had any remaining questions about the study and were 

provided with additional copies of the Participant Information Sheet and 

Consent Form for review. It was emphasised that they were free to withdraw 

from the study at any time for any reason without prejudice to future care, 

without affecting their legal rights, and with no obligation to give the reason 

for withdrawal. Participants were then asked to read over the consent form 

again and, if agreeing to proceed with participation in the study, sign the form 

again, after which the form was countersigned and retained by myself. This 

reconfirmation of consent was performed to ensure the robustness of the 

informed consent process. None of the participants required their next of kin 
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to provide written agreement to take part in the study (using the Consultee 

Declaration Form) on their behalf.  

 

Following this, the study proceeded in the same order for all participants, 

with administration of the tests and measures indicated below (described in 

detail in Section 4.7.1). The order of administration was as follows: 

 

Demographic information, current and previous education and 

socioeconomic factors, medical and medication/drug history, and 

alcohol/smoking history 

1. Self-designed questionnaire 

 

Cognitive tests 

2. MMSE  

3. HVLT-R  

4. TMT Parts A and B  

5. COWAT  

6. Stroop Test - Victoria version  

7. Hayling and Brixton Tests  

 

Quality of life assessment 

8. FACT-Br  

9. EORTC QLQ-C30 and -BN20  

 

Personality type assessment 

10. Big Five Inventory  

 

Premorbid IQ estimation 

11. NART  

 

Therefore, in total, 11 tests/assessments/questionnaires were administered 

to each participant, each of which took, on average, 5ï10 minutes to 

complete. Following administration of the NART, the final step of the study 

participation process was the collection of saliva samples for genetic 
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analyses; these took less than one minute to obtain. Further details about the 

saliva sample acquisition, as well as the processing of the sample and the 

subsequent analyses, are provided in Chapter 6. 

 

 

4.8.2 Part 2: retrospective data collection 

The clinical and imaging data sourced from the medical records that 

comprised part 2 of the current study were collected following receipt of 

reconfirmation of informed consent when the participant attended for part 1 

of the study. Medical records, including the copies of histopathology reports 

and clinic letters, were sourced from the Epic software (Epic Systems 

Corporation, Verona, WI, USA) installed on the computers at NHNN.  

 

 

4.9 Data analysis plan 

4.9.1 Overview and data preparation 

To ensure confidentiality of the study data, anonymised identification 

numbers were generated for each participant and these anonymous 

numbers were used to label the completed questionnaire/testing sheets and 

also all of the participant data from parts 1 and 2 of the study that were 

stored electronically. The anonymised identification numbers were linked to 

the original patient identifiable details only through a standalone, separate 

Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) file stored 

securely on an encrypted computer drive. All statistical analyses reported in 

the study were performed using SPSS version 25 (IBM Corporation, Armonk, 

NY, USA). A P-value threshold for statistical significance of 0.05 was applied. 

 

Based on the initial sample size predictions as noted in Section 4.5.3, above, 

it was initially anticipated that the cohort recruited into this study would be 

large enough to perform complex multivariate statistical analyses with 

subgroup analyses and controlling for numerous putative influences on 

cognitive outcomes as documented in Chapter 2. Furthermore, as 

participants in this study had varying lengths of follow-up owing to the twelve-
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year recruitment period, survival analysis techniques were planned to be 

used to facilitate censoring of cases. Bias and time-dependent confounding 

was to be accounted for by using causal inference and, to handle missing 

data, multiple imputation techniques were planned to be used. 

 

However, due to the smaller than anticipated number of participants recruited 

to the study, an alternative approach to the statistical analyses was chosen 

based on a focus on descriptive statistics, comparisons of means, and 

measures of association; furthermore, composite measures were created to 

reduce the number of cognitive outcome variables for the analyses. All of 

these techniques are described below.  

 

 

4.9.2 Descriptive statistics 

Demographic data collected from the participants using the self-designed 

questionnaire (in part 1 of the study) and through the medical records (in part 

2) were summarised for descriptive analyses. The other information collected 

from these two data sources were also summarised, including health and 

performance (functional) status, medical history, medication/drug history, 

smoking/alcohol history, tumour characteristics (including specific tumour 

type, tumour location, and genetic markers), symptoms at initial diagnosis of 

the brain tumour, treatments received, time since diagnosis as well as last 

treatment, and education as well as socioeconomic factors. In addition, 

scores on the tests and measures of cognition, quality of life, personality 

type, and premorbid IQ estimation were also summarised alongside 

normative test data, where available. Summary data have been presented as 

both mean (standard deviation) and median (range) for completeness, and 

ShapiroïWilk tests were calculated to evaluate normality. To enrich the 

description of the socioeconomic factors, for the data on NS-SEC 

classification, a comparison of participantsô NS-SEC class prior to and 

following the LGG diagnosis was calculated using a 2 x 2 McNemarôs chi-

squared test to evaluate for differences in socioeconomic classification 

between the two time points. Furthermore, for comparison of the distribution 
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of NS-SEC classes within the study population to that of London, a 2 x 2 

standard chi-squared test was calculated. 

 

 

4.9.3 Composite measure creation 

The results from the 7 cognitive tests used in this study (MMSE, HVLT-R, 

TMT Parts A and B, COWAT, Stroop Test - Victoria version, Hayling Test, 

and Brixton Test) were combined to form a cognitive composite score 

through use of principal component analysis (PCA). PCA is a linear 

dimensionality reduction method that transforms a number of variables into a 

smaller set that retains most of the information contained within the original 

variables. A number of principal components are created through this 

technique, and this facilitates the selection of the components that capture 

the largest degree of variation within the data. No distributional assumptions 

are required in the use of PCA (Jolliffe & Cadima, 2016). Further details 

regarding the creation of the cognitive composite measures are provided in 

Section 4.10.3. 

 

 

4.9.4 Comparison of means 

To analyse the data on nominal variables collected in the current study that 

required either binary responses (for example, there were two possible 

options, óyesô or ónoô, to the variable óReceived chemotherapyô) or were able 

to be analysed in a binary manner through grouping of response options (for 

example, ónumber of surgeries for the brain tumourô could be grouped as ó1ô 

or ó2ô as all participants fell into one of these two groups), t-tests were 

performed. To address the primary objective of the study, means in the 

cognitive composite scores were compared through binary responses or 

groupings for demographic characteristics (cognitive composite scores 

according to sex), clinical characteristics (cognitive composite scores 

according to tumour location, tumour laterality, genetics), and education 

factors (cognitive composite scores and educational level attained before the 

glioma diagnosis, cognitive composite scores and educational level of the 
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participantôs parents). The binary group definitions are shown in Section 

4.10.4.1 of the results, below. 

 

To address the secondary objectives of the study, scores in various domains 

of the quality-of-life measures administered were also compared according to 

binary responses or groupings for the same demographic characteristics, 

clinical characteristics, and education factors as those evaluated for the 

primary objective of the study described above. 

 

 

4.9.5 Correlational analyses 

To analyse the continuous and ordinal variable data collected in the current 

study, bivariate parametric correlational analyses were calculated. To 

address the primary objective of the study, the correlational analyses 

evaluated for the presence and directionality of relationships between  scores 

in each of the cognitive composite scores and: (i) years of education, (ii) 

socioeconomic factors, (iii) demographic characteristics, (iv) clinical features 

(including time since diagnosis and last treatment), (v) estimated premorbid 

intelligence, and (vi) quality-of-life measures. 

 

To address the secondary objectives of the study, correlational analyses 

were also calculated for: (i) years of education and quality-of-life measures, 

(ii) socioeconomic factors and quality-of-life measures, (iii) clinical features 

and quality-of-life measures, and (iv) personality type and quality of life.  

 

In addition to the above correlational analyses, prior to creating the cognitive 

composite measures, bivariate correlations were calculated between pairs of 

the seven cognitive tests administered to study participants. This was done 

to ensure that the different cognitive tests used to create the composites 

were not highly correlated, and thus did not overlap in their assessments of 

the same constructs. 
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This study was considered exploratory in nature. It was a conscious decision 

to not use a statistical technique for correction for multiple comparisons (e.g., 

Bonferroni correction). While multiple comparison testing without correction 

does increase the risk of a type I statistical error, correction techniques are 

often too strict, reducing statistical power and increasing the risk of missing 

potentially important, significant findings through a type II statistical error 

(Nakagawa, 2004; Rothman, 1990; Sullivan & Feinn, 2021). Indeed, some 

have advocated against the use of corrections for multiple testing completely 

(Perneger, 1998; Rothman, 1990). While accepting that this is not a universal 

opinion, much literature from varying scientific disciplines supports the use of 

multiple comparisons without the application of correction techniques in the 

context of exploratory studies such that described in this thesis (Bender & 

Lange, 2001; Li et al., 2017; Roback & Askins, 2005; Rubin, 2017).  

 

For consistency, parametric correlations have been reported throughout the 

chapter. Normality assessments were performed on all variables subjected to 

correlational analyses, and variables not normally distributed also underwent 

evaluation through non-parametric correlational analyses. These analyses 

were reviewed in detail, which confirmed that the use of parametric 

correlations did not significantly alter the interpretation of any of the results 

reported in this thesis. 

 

 

4.9.6 Linear regression analyses 

For continuous and ordinal variables identified as being correlated with the 

cognitive composite scores through the correlational analyses for the primary 

objective described above, linear regression analyses were calculated 

comprising a cognitive composite score as the scalar response, two 

explanatory variables (each identified as significantly correlated with the 

scalar response), and an interaction term. The interaction term was centred 

to avoid the issue of multicollinearity.  
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4.10 Results 

4.10.1 Overview 

The results of the study are presented in line with the order specified in the 

data analysis plan above. First, descriptive data are provided to contextualise 

the study population and to provide important demographic, clinical, 

education, and socioeconomic information, as well as the scores in the 

cognitive tests and responses to the quality of life and personality 

questionnaires, concluding with the premorbid IQ estimation data. Following 

this, a description of how the cognitive composite scores were created in 

order to reduce the number of outcome variables for the analysis is provided. 

 

Using these created cognitive composite scores, the results of further 

analyses are presented with a clear separation of those data relevant to the 

primary objective of the study (where the cognitive composite scores serve 

as the outcome variables) and those relevant to the secondary objectives 

(where the quality-of-life measures serve as the outcome variables). The first 

set of data evaluating the primary objective comprise of comparisons of 

means in the cognitive composite scores according to demographic, clinical, 

and education factors that were nominal data requiring either binary 

responses or responses analysable in a binary manner through grouping of 

response options. To address the secondary objectives, scores in the 

quality-of-life measures administered were compared in groups separated 

using the same demographic, clinical, and education factors as for the 

primary objective.  

 

Following this, for continuous and ordinal data, bivariate correlational 

analyses are described, also clearly demarcated between those which relate 

to the primary objective of the study and those that relate to the secondary 

objectives.  

 

A description of the linear regression analysis is then provided. The linear 

regression analysis was performed to understand the relationship between 

cognitive outcomes and relevant variables identified in the bivariate 
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correlation analyses as being significantly associated with one or more of the 

cognitive composite scores, including the possibility of interaction effects. 

 

This results section then concludes with a high-level summary of the findings 

of the study, before leading to a wider discussion of the findings and their 

implications. 

 

 

4.10.2 Descriptive data 

4.10.2.1 Demographics of the study cohort 

A summary of the participantsô demographics is provided in Table 4-10.  

 

 

Table 4-10: Demographics of the study population 

Variable  N (%) or mean (SD) / median 
(range) 

Age at study participation  in  years  47 (9.6) / 46 (31ï72) 
Sex, M:F 11:10 (52.4%:47.6%) 

Hand dominance, right:left  20:1 (95.2%:4.8%) 
Ethnicity   

- White British, English, Northern Irish, Scottish or 

Welsh 

15 (71.4%) 

- Any other white background 2 (9.5%) 
- Indian 2 (9.5%) 

- Any other Asian background 1 (4.8%) 
- Caribbean 1 (4.8%) 

Time between histological diagnosis and study 

participation  in  months  

57.5 (24.8) / 52.8 (22.5ï

106.4) 
SD, standard deviation 

 

 

The mean age of study participants was 47 (standard deviation [SD] 9.6) 

years. There was an almost equal balance of males (11 of 21; 52.4%) and 

females (10 of 21; 47.6%). All but one participant stated that they were right-

hand dominant. However, the functional MRI results of one of the 

participants who declared that they were right-hand dominant indicated 

bilateral language representation, right more than left. This participant had a 

right insular tumour and developed expressive dysphasia following surgery, 

supporting the presence of speech function in the right hemisphere, which is 

typically observed in left-hand dominant individuals. 
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From an ethnicity perspective, the majority of individuals (15 of 21; 71.4%) 

self-reported as White British, and the remainder of another White 

background (n=2; 9.5%), Indian (n=2; 9.5%), another Asian background 

(n=1; 4.8%), or Caribbean (n=1; 4.8%).  

 

The participants were a mean of 57.5 (SD 24.8) months following 

histopathological confirmation of their brain tumour at the time of study 

participation.  

 

 

4.10.2.2 Health and performance (functional) status 

Participants were asked to evaluate themselves according to the ECOG 

Performance Status Scale as shown in the table below. The vast majority of 

participants (n=16; 76.2%) reported themselves to be grade 0, i.e., fully 

active and able to carry on all pre-disease performance without restriction. 

Three (14.3%) reported themselves to be grade 1, restricted in physically 

strenuous activity but ambulatory and able to carry out work of a light or 

sedentary nature, and two (9.5%) reported themselves to be grade 2, 

ambulatory and capable of all self-care but unable to carry out any work 

activities, up and about more than 50% of waking hours. No participants 

rated themselves as grade 3 (capable of only limited self-care) or grade 4 

(completely disabled). 

 

The majority of participants (n=16; 76.2%) were receiving anti-epileptic drugs 

at the time of study participation, with most (n=12) of these participants on a 

single anti-epileptic drug, two on dual anti-epileptic drugs, and one each on 

three and five anti-epileptic drugs. The commonest anti-epileptic drug 

prescribed was levetiracetam (n=11), followed by lamotrigine (n=7), 

clobazam (n=2), pregabalin (n=1), clonazepam (n=1), lacosamide (n=1), and 

metformin (n=1). None of the study participants were taking corticosteroid 

therapy at the time of study participation. There were, however, a number of 

other medications taken by study participants, including: statin therapy (n=1), 

hormone replacement therapy (n=1), antihypertensives (n=2), vitamin D 
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supplements (n=1), analgesia (n=1), thyroid replacement therapy (n=2), 

antidepressants (n=2), and a proton pump inhibitor (n=1). One participant 

(n=1; 4.8%) also took cannabis oil and another (n=1; 4.8%) cocaine. 

 

Most of the participants (n=18; 85.7%) consumed alcohol with a variable 

frequency, two participants were previous but not current consumers of 

alcohol (9.5%) and one (4.8%) had never consumed alcohol. To contrast, 

only one (4.8%) participant claimed to be a current tobacco smoker and, 

although 8 (38.1%) were ex-tobacco smokers, 12 (57.1%) had never smoked 

tobacco. Thirteen (61.9%) participants had one or more comorbidities, the 

commonest being depression (n=3; 14.3%), anxiety (n=2; 9.5%) and 

hypertension (n=2; 9.5%); see Table 4-11 for a full list. Due to the numbers 

of participants overall and within these subgroups, further analyses 

according to alcohol consumption, smoking status, or by comorbidities were 

not performed. 

 

 

Table 4-11: Performance (functional) status and medical history of the study participants 

Variable  N (%) 

Functional status (Eastern Cooperative Oncolo gy Group Performance 
Status Scale)  

 

- Grade 0: Fully active, able to carry on all pre-disease performance without 

restriction 

16 (76.2%) 

- Grade 1: Restricted in physically strenuous activity but ambulatory and able to 
carry out work of  a light or sedentary nature, e.g., light house work, of f ice 

work 

3 (14.3%) 

- Grade 2: Ambulatory and capable of  all self -care but unable to carry out any 
work activities; up and about more than 50% of  waking hours 

2 (9.5%) 

- Grade 3: Capable of  only limited self -care; conf ined to bed or chair more than 
50% of  waking hours 

0 

- Grade 4: Completely disabled; cannot carry on any self -care; totally conf ined 

to bed or chair 

0 

Anti -epilep tic drugs at the time of study participation  16 (76.2%) 
Number of anti -epilep tics taken by participants   

- 1 12 (57.1%) 
- 2 2 (9.5%) 
- 3 1 (4.8%) 

- 5 1 (4.8%) 
Type of anti -epilep tic drug used   

- Levetiracetam 11 (52.4%) 

- Lamotrigine 7 (33.3%) 
- Clobazam 2 (9.5%) 
- Pregabalin 1 (4.8%) 

- Clonazepam 1 (4.8%) 
- Lacosamide 1 (4.8%) 
- Metformin 1 (4.8%) 

Corticosteroid therapy at the time of study participation  0 
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Other current medications / drugs   
- Statin therapy 1 (4.8%) 

- Hormone replacement therapy 1 (4.8%) 
- Antihypertensives 2 (9.5%) 
- Vitamin D supplement 1 (4.8%) 

- Analgesia 1 (4.8%) 
- Cannabis oil 1 (4.8%) 
- Cocaine 1 (4.8%) 

- Thyroid replacement therapy 2 (9.5%) 
- Antidepressant 2 (9.5%) 
- Proton pump inhibitor 1 (4.8%) 

Alcohol consumption status   
- Current drinker 18 (85.7%) 
- Ex-drinker 2 (9.5%) 

- Never drank alcohol 1 (4.8%) 
Tobacco consumption status   

- Current smoker 1 (4.8%) 

- Ex-smoker 8 (38.1%) 
- Never smoked 12 (57.1%) 

Comorbidities / past medical and surgical history   

- Anxiety 2 (9.5%) 
- Breast cancer (ductal carcinoma in situ) 1 (4.8%) 
- Chronic fatigue syndrome 1 (4.8%) 

- Gallstones (treated with cholecystectomy) 1 (4.8%) 
- Hashimotoôs disease 1 (4.8%) 
- Hypertension 2 (9.5%) 

- Hypothyroidism 1 (4.8%) 
- Non-epileptic attack disorder 1 (4.8%) 
- Gilbertôs syndrome 1 (4.8%) 

- Osteoarthritis 1 (4.8%) 
- Lipoma (excised) 1 (4.8%) 
- Bowel adenoma (excised) 1 (4.8%) 

- Appendicectomy 1 (4.8%) 
- Ollierôs disease 1 (4.8%) 
- Ischaemic stroke 1 (4.8%) 

- Depression 3 (14.3%) 
- Iron-def iciency anaemia 1 (4.8%) 
- Sciatica 1 (4.8%) 

 

 

4.10.2.3 Tumour characteristics 

The tumour characteristics of the study cohort are shown in Table 4-12, 

below. The majority (n=14; 66.7%) of patients were diagnosed as having a 

WHO grade II oligodendroglioma, and the remainder of patients were 

diagnosed as having a WHO grade II diffuse astrocytoma (n=6; 28.6%) or 

WHO grade II oligoastrocytoma (n=1; 4.8%). Given the changes in the WHO 

classification of brain tumours over the past few years, the patient diagnosed 

with a WHO grade II oligoastrocytoma most likely would be diagnosed with a 

WHO grade II oligodendroglioma using current diagnostic criteria (particularly 

given the confirmed presence of a 1p19q co-deletion). From the genetics 
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perspective, IDH status, 1p19q co-deletion status, and ATRX status are 

shown in the below table. The majority of tumours were right-sided (n=13; 

61.9%), with seven patients (33.3%) having a left-sided tumour and one 

(4.8%) with bilateral tumours. The frontal lobe was the most commonly 

affected lobe (n=13; 61.9%), followed by the parietal lobe (n=6; 28.6%), 

temporal lobe (n=4; 19.0%), insular lobe (n=2; 9.5%), and occipital lobe (n=2; 

9.5%). More than one lobe was affected by tumour in five (23.8%) 

participants. 

 

 

Table 4-12: Tumour characteristics 

Variable  N (%) 

Tumour diagnosis   

- WHO Grade II oligodendroglioma 14 (66.7%) 
- WHO Grade II dif fuse astrocytoma 6 (28.6%) 
- WHO Grade II oligoastrocytoma 1 (4.8%) 

IDH status   
- Mutation 18 (85.7%) 
- Wild type 1 (4.8%) 

- Not tested 1 (4.8%) 
1p19q co-deletion   

- Yes 15 (71.4%) 

- No 6 (28.6%) 
ATRX status   

- Loss of  expression (mutation) 5 (23.8%) 

- Retained 11 (52.4%) 
- Not tested/reported 5 (23.8%) 

Tumour laterality   

- Lef t 7 (33.3%) 
- Right 13 (61.9%) 
- Bilateral 1 (4.8%) 

Involvement of more than one lobe  5 (23.8%) 
Lobe(s) affected   

- Frontal 13 (61.9%) 

- Temporal 4 (19.0%) 
- Insular 2 (9.5%) 
- Occipital 2 (9.5%) 

- Parietal 6 (28.6%) 

 

 

4.10.2.4 Symptoms at presentation 

As shown in Table 4-13, in the majority of participants (n=15; 71.4%), the 

initial symptom or sign at the time of presentation to healthcare providers 

was seizures, followed by headaches (n=4; 19.0%). One participant (4.8%) 

presented with visual and cognitive impairment, and another with speech 

disturbance and vertigo.  
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Table 4-13: Symptoms and signs at presentation 

Symptom/sign  N (%) 

- Seizures 15 (71.4%) 
- Headaches 4 (19.0%) 
- Visual and cognitive impairment 1 (4.8%) 

- Speech disturbance and vertigo 1 (4.8%) 

 

 

4.10.2.5 Treatment(s) received 

Details of the surgical and non-surgical treatments received by participants 

are shown in Table 4-14, below. All participants underwent surgery to 

confirm the histopathological diagnosis. Most (n=15; 71.4%) participants 

underwent one surgical procedure, but six (28.6%) underwent two. Of the 15 

participants who underwent a single operation, two (13.3%) underwent 

biopsy, six (40%) underwent debulking (partial resection) of the tumour (four 

[66.7%] with the use of intraoperative MRI), and the remaining seven 

(46.7%) underwent gross total resection of their tumour (three [42.9%] with 

the use of intraoperative MRI). Of the six participants who underwent two 

surgeries, one (16.7%) underwent a biopsy followed by gross total resection 

four years later. Another participant underwent two surgeries in the same 

year, the latter with the use of intraoperative MRI, where gross total resection 

was achieved. The remaining four of the six participants that underwent two 

surgeries underwent debulking (partial resection) of their tumours, two with 

the use of intraoperative MRI and two without. Whether the surgery was 

performed with the patient awake or asleep is shown in Table 4-14, below. 

 

The mean time between surgery and the initial postoperative MRI scan was 

0.7 (SD 1.1) days, which was particularly short due to the use of 

intraoperative MRI in over half of the cases. The mean time between the last 

surgery performed and participation in the study was 49.2 (SD 23.4) months.  

 

There were four (19.0%) complications following surgery, affecting four 

different participants. They were: expressive dysphasia, stroke, 

supplementary motor area syndrome, and facial weakness. 
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Six (28.6%) participants received chemotherapy, either temozolomide (TMZ; 

n=3; 14.3%), procarbazine, lomustine, and vincristine (PCV; n=2; 9.5%), or 

both TMZ and PCV (n=1; 4.8%). The mean time between the end of 

chemotherapy and participation in the study was 20.8 (10.5) months. Three 

complications were reported in two participants who underwent 

chemotherapy: one patient developed thrombocytopaenia and febrile 

neutropenia, and one patient developed thrombocytopaenia alone. 

 

Eight (38.1%) patients received radiotherapy for their brain tumour. In all 

eight cases, RapidArc Intensity Modulated Radiotherapy was delivered. The 

specific dosage schedules received by participants are shown in the table 

below. The mean time between the end of radiotherapy and study 

participation was 47.8 (26.7) months. 

 

 

Table 4-14: Details of the treatments received for LGG 

Variable  N (%) or mean (SD) / 
median (range)  

Number of surgeries   

- One 15 (71.4%) 
- Two 6 (28.6%) 

Time between two surgeries (n =6) in  months  29.2 (18.1) / 30.3 (1.7ï

49.3) 
Extent of tumour resection  - first surgery (n =21)  

- Biopsy 3 (14.3%) 

- Debulking (partial resection) 11 (52.4%) 
- Gross total resection 7 (33.3%) 

Extent of tumour resection - second surgery (n =6)  

- Debulking (partial resection) 4 (66.7%) 
- Gross total resection 2 (33.3%) 

Craniotomy technique  - first surgery (non -biopsy cases 

only; n =19) 

 

- Asleep with intraoperative MRI 5 (26.3%) 
- Asleep without intraoperative MRI  7 (36.8%) 

- Awake with intraoperative MRI  4 (21.1%) 
- Awake without intraoperative MRI 3 (15.8%) 
Craniotomy technique - second surgery (n =6)  

- Asleep with intraoperative MRI 2 (33.3%) 
- Asleep without intraoperative MRI  1 (16.7%) 
- Awake with intraoperative MRI  2 (33.3%) 

- Awake without intraoperative MRI 1 (16.7%) 
Time between surgery and initial post -operative MRI scan 
in days  

0.7 (1.1) / 0 (0ï4) 

Time between last surgery and time of study participation  
in months  

49.2 (23.4) / 44.2 (19.3ï
96.9) 

Complications following surgery   
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- Expressive dysphasia 1 (4.8%) 
- Stroke 1 (4.8%) 

- Supplementary motor area syndrome 1 (4.8%) 
- Facial weakness 1 (4.8%) 

Chemotherapy, n  6 (28.6%) 

Chemotherapy received   
- PCV 2 (9.5%) 
- TMZ 3 (14.3%) 

- Both PCV and TMZ 1 (4.8%) 
Time between end of last chemotherapy cycle and time of 
study participation  in  months  

20.8 (10.5) / 20.0 (6.3ï
32.2) 

Complications of chemotherapy   
- Thrombocytopaenia 2 (9.5%) 
- Febrile neutropenia 1 (4.8%) 

Radiotherapy, n  8 (38.1%) 
Type of radiotherapy delivered   

- RapidArc Intensity Modulated Radiotherapy 8 (38.1%) 

Radiotherapy dose schedule   
- 60 Gy in 30 f ractions 1 (4.8%) 
- 59.4 Gy in 30 f ractions 2 (9.5%) 

- 54.9 Gy in 33 f ractions 1 (4.8%) 
- 54.9 Gy in 30 f ractions 3 (14.3%) 
- 54 Gy in 30 f ractions 1 (4.8%) 

Time between end of last radiotherapy fraction and time 
of study participation  in  months  

47.8 (26.7) / 34.8 (19.9ï
82.1) 

Gy, gray; MRI, magnetic resonance imaging; PCV, procarbazine, lomustine, and vincristine; SD, 
standard deviation; TMZ, temozolomide 

 

 

4.10.2.6 Educational attainment 

Study participants had completed a median of 15.5 (range=9ï24) years of 

education prior to study participation. Table 4-15 demonstrates the highest 

education level attained before and after the participantsô diagnosis of a 

glioma. The majority of participants were educated to degree level 

(Bachelorôs degree: n=10; 47.6%; Masterôs degree: n=1; 4.8%) prior to the 

diagnosis of a glioma. Following the diagnosis, one (4.8%) participant 

completed a Masterôs degree and four (19.0%) completed diplomas or 

vocational qualifications. 

 

 

Table 4-15: Years of education and education levels attained before and after the LGG diagnosis 

Variable  N (%) or mean 

(SD) / median 
(range)  

Years of education  15.5 (3.8) / 15.5 
(9ï24) 

Highest educational level attained prior to glioma diagnosis   
- Professional qualif ication 2 (9.5%) 
- Masterôs degree 1 (4.8%) 

- Bachelorôs degree 10 (47.6%) 
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- A-Level 5 (23.8%) 
- O-Level/GCSE 3 (14.3%) 

Additional qualifications attained following glioma diagnosis   
- Masterôs degree 1 (4.8%) 
- Diploma/Vocational Qualif ication 4 (19.0%) 
GCSE, General Certificate of Secondary Education; SD, standard deviation 

 

 

4.10.2.7 Socioeconomic status 

The socioeconomic information provided by participants is summarised in 

Table 4-16. Almost half (47.6%) of participants attended a non-selective 

state school, seven (33.3%) attended a selective state school, and four 

(19.0%) attended an independent or fee-paying school. Four (19.0%) 

received free school meals. Most (n=17; 81.0%) did not grow up in 

households receiving income support and the remainder (n=4; 19.0%) did 

not know the answer to this. One or both parents had a degree qualification 

among 8 (38.1%) participants; 11 (52.4%) did not and 2 (9.5%) did not know. 

 

 

Table 4-16: Socioeconomic information on the study participants 

Variable  N (%) 

Type of school attended   
- State school - non-selective 10 (47.6%) 

- State school - selective 7 (33.3%) 
- Independent or fee-paying school 4 (19.0%) 

Received free school meals  4 (19.0%) 

Parent degree   
- Yes 8 (38.1%) 
- No 11 (52.4%) 

- Do not know 2 (9.5%) 
Household received income support   

- Yes 0 

- No 17 (81.0%) 
- Do not know 4 (19.0%) 

 

 

4.10.2.7.1 Parental occupations 

The parental occupations of the study participants are shown in Table 4-17.  

 

 

Table 4-17: Parental occupations 

Variable  N (%) 

Fatherôs occupation  
- Chartered surveyor 1 (4.8%) 
- Medical doctor 1 (4.8%) 
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- Academic professor 1 (4.8%) 
- Quantity surveyor 1 (4.8%) 

- Ground worker 1 (4.8%) 
- Self -employed (owned business) 1 (4.8%) 
- Businessman 1 (4.8%) 

- Teacher 1 (4.8%) 
- Police of f icer 1 (4.8%) 
- Night porter 1 (4.8%) 

- Accountant 1 (4.8%) 
- Engineer 1 (4.8%) 
- Statistician 1 (4.8%) 

- Airline pilot 1 (4.8%) 
- Salesman 1 (4.8%) 
- Manager 1 (4.8%) 

- Immigration of ficer 1 (4.8%) 
- Foundry supervisor 1 (4.8%) 
- Probation of f icer 1 (4.8%) 

- Courier / lorry driver 1 (4.8%) 
- Not specif ied 1 (4.8%) 
Motherôs occupation  

- Secretary 1 (4.8%) 
- Midwife 1 (4.8%) 
- Civil servant 1 (4.8%) 

- Dental nurse 1 (4.8%) 
- Health visitor 1 (4.8%) 
- Housewife 3 (14.3%) 

- Administrator 1 (4.8%) 
- Care assistant 1 (4.8%) 
- Nurse 2 (9.5%) 

- Nursery key worker 1 (4.8%) 
- Social policy 1 (4.8%) 
- Hairdresser 1 (4.8%) 

- Family therapist 1 (4.8%) 
- Cleaner 2 (9.5%) 
- Health care assistant 1 (4.8%) 

- Unemployed 1 (4.8%) 
- Not specif ied 1 (4.8%) 

 

 

The parental occupations were classified using the three-class NS-SEC as 

described in Section 4.7.1.1.1, above, which groups occupations into one of 

the following categories: 

 

Class 1: Higher managerial, administrative, and professional occupations 

Class 2: Intermediate occupations 

Class 3: Routine and manual occupations 

 

The NS-SEC classifications for parents of participants in the current study 

are shown in Table 4-20, below. As can be seen from the below table, the 

majority of fathers (n=14; 66.7%) and the largest proportion of mothers (n=7; 
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33.3%) of the participants were in the NS-SEC Class 1 group based on their 

occupation. 

 

 

Table 4-18: Parental occupations grouped by NS-SEC classification (three-class) 

Variable  N (%) 

Fatherôs occupation  
- NS-SEC Class 1 14 (66.7%) 

- NS-SEC Class 2 2 (9.5%) 
- NS-SEC Class 3 4 (19.0%) 
- Unknown / Unemployed / Not specif ied 1 (4.8%) 

Motherôs occupation  
- NS-SEC Class 1 7 (33.3%) 
- NS-SEC Class 2 6 (28.6%) 

- NS-SEC Class 3 3 (14.3%) 
- Unknown / Unemployed / Housewife / Not specif ied 5 (23.8%) 

 

 

4.10.2.7.2 Participant occupations 

The occupations of participants before and following the glioma diagnosis 

are shown in Table 4-19, below. The table is presented such that each row 

represents the same participantôs occupation before and following the 

diagnosis. 

  

 

Table 4-19: Participant occupations prior to and following the LGG diagnosis 

Occupation prior to glioma diagnosis  Occupation following glioma diagnosis  

- Airline pilot - Handyman and car ferrier 

- Creative director - Creative director 
- Personal assistant - Executive assistant and of f ice coordinator 
- Project manager - Project manager 

- Solicitor - Medical ethics and law work (part-time) 
- Machine setter - Machine setter (now part-time) 
- Civil servant - Civil servant 

- Accountant / lecturer - Retired 
- Finance manager - Finance administrator 
- Internal communications of f icer - Unemployed 

- Team leader - Warehouse operative 
- Public health information analyst - Public health information analyst 
- IT consultant - IT consultant 

- Sports massage therapist - Unemployed 
- Company director / Engineering consultant - Company director / Engineering consultant 
- Project analyst - Project analyst 

- Careers advisor - Trainee education mental health practitioner 
- Teacher - Teacher 
- Diplomat - Unemployed 

- Planning manager - Planning manager 
- Computer IT helpdesk analyst - Permitting of f icer - highways 
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Over half (n=12; 57.1%) of participants in the study changed their occupation 

following the glioma diagnosis, 8 (38.1%) did not change their occupation, 

and 1 (4.5%) maintained the same occupation but reduced their working 

hours (Table 4-20). One (4.5%) participant who changed their occupation 

(from solicitor to medical ethics and law work) also reduced their working 

hours.  

 

 

Table 4-20: Change in occupation or occupational status following the LGG diagnosis 

Change in occupation/occupational status following diagnosis  N (%) 

- Change in occupation  12 (57.1%) 
- No change in occupation 8 (38.1%) 

- Maintained same job but reduced hours  1 (4.8%) 

 

 

The NS-SEC classifications for participants in the current study prior to and 

following the glioma diagnosis are shown in Table 4-21, below.  

 

 

Table 4-21: Participant occupations prior to and following LGG diagnosis grouped by NS-SEC 
classification (three-class) 

NS-SEC Class prior to 

glioma diagnosis  

N (%) NS-SEC Class following glioma 

diagnosis  

N (%) 

- NS-SEC Class 1 15 (71.4%) - NS-SEC Class 1 9 (42.9%) 
- NS-SEC Class 2 3 (14.3%) - NS-SEC Class 2 5 (23.8%) 
- NS-SEC Class 3 3 (14.3%) - NS-SEC Class 3 3 (14.3%) 

  - Unemployed 4 (19.0%) 

 

 

To demonstrate the extent and nature of changes in NS-SEC Class at the 

individual participant level, Figure 4-2 below shows the NS-SEC Class (using 

the three-class system) of the study participants before and after the brain 

tumour diagnosis (the latter measurement taken at the point of study 

participation), with lines between the two time points indicating the direction 

of movement between (or stability within) the NS-SEC Classes. It is notable 

that the vast majority of participants (n=15 of 21, 71.4%) were in NS-SEC 

Class 1 prior to being diagnosed with a brain tumour, and over half of these 

(n=9 of 15, 60%) maintained their NS-SEC class 1 status through to the point 
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of participation in the study. None of the participants were unemployed prior 

to the brain tumour diagnosis; however, four (19.0%) participants were 

unemployed at the time of study participation. 

 

 

 

Figure 4-2: NS-SEC Class of participants before and after LGG diagnosis 
U, unemployed 

 

 

To evaluate whether the change in participantsô NS-SEC class following the 

tumour diagnosis was statistically significant, a 2 x 2 McNemarôs chi-squared 

test was performed to compare the NS-SEC (Class 1 vs other classes) 

before and after the tumour diagnosis, finding a significant difference in the 

proportion of participants in NS-SEC Class 1, the most advantaged group, 

pre- and post-tumour diagnosis (p=0.031). 

 

To investigate whether the observed high proportion of higher socioeconomic 

status (i.e., Class 1) participants in the study was reflective of the make-up of 

the population of London, data from the 2011 Census (Greater London 

Authority, 2013) were used to compare, through 2 x 2 standard chi-squared 

testing, the expected and observed frequencies of individuals in NS-SEC 
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Class 1. These data revealed that 2,324,632 (35.5%) out of the total of 

6,549,173 individuals in London registered in the 2011 Census were 

classified as being NS-SEC Class 1 using the three-class system. Based on 

this London-wide proportion, the expected frequency of NS-SEC Class 1 

individuals in the study sample would be (2,324,632/6,549,173) x 21=7.5, 

and thus the proportion of NS-SEC Class 1 participants in this study was 

significantly higher than that expected by chance (chi-square value=11.843, 

1 df, p<0.001; Table 4-22). 

 

 

Table 4-22: Cross-tabulation of observed versus expected frequencies of NS-SEC classes 

 Observed  Expected  

NS-SEC Class 1  15 7.45 
Other NS -SEC classes  6 13.55 

 
Observed data represent that of the study population, whereas expected data are based on 
proportions of NS-SEC classes within the wider London population according to 2011 Census data 

 

 

4.10.2.7.3 Relationship between participant and parental occupations 

The relationship between the participants NS-SEC class and that of their 

parents was also explored. This revealed that the participantôs NS-SEC class 

prior to their diagnosis was significantly correlated with the NS-SEC class of 

their father (parametric correlation=0.675, p=0.001) but not with that of their 

mother (parametric correlation=0.211, p=0.433). These relationships 

remained the same when the analyses were repeated using the five-class 

NS-SEC system (data not shown).  

 

4.10.2.7.4 Indices of Multiple Deprivation 2019 

The IMD 2019, a measure of relative deprivation in England (Ministry of 

Housing, Communities & Local Government (UK), 2019), was used as a data 

measure in participants who provided the postcode of the house where they 

spent most of their childhood if that postcode was in England. Background 

information regarding the IMD 2019 was provided in Section 4.7.1.1.1, 

above. Fourteen (66.7%) participants provided full postcode data from their 

childhood household. Of the remaining participants, one (4.8%) lived abroad 



 

 207 

during their childhood and the remainder provided only partial postcodes, 

which were insufficient to provide a reliable analysis using the IMD data.  

 

The 14 participants who provided their postcodes were ranked into deciles 

based on the overall IMD (óindexô) score, the seven constituent domains 

(income, employment, education, health, crime, barriers to housing and 

services, and living environment), and two supplementary indices (IDACI and 

IDAOPI). The deciles correspond to the 10% least deprived (10 th decile) to 

the 10% most deprived (1st decile) neighbourhoods in England. Table 4-23 

below shows the results. As can be seen from the table, half (n=7; 50%) of 

the 14 participants who provided full postcode data from their childhood 

household grew up in the 30% least deprived neighbourhoods in England 

according to the overall IMD score. No participants grew up in the 10% most 

deprived neighbourhoods in England when evaluated using the overall IMD 

measure, but when reviewing the individual sub-domains, three (21.4%) of 

the 14 participants were in the 10% most deprived areas in relation to crime, 

two (14.3%) in relation to barriers to housing and services, one (7.1%) in 

relation to living environment, and one (7.1%) the IDAOPI.  

 

The overall IMD score was used as a variable for subsequent analyses, as 

described later in this chapter. 
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Table 4-23: Overall IMD, subdomain, and supplementary indices data of study participants 

IDACI, Income Deprivation Affecting Children Index; IDAOPI, Income Deprivation Affecting Older People Index; IMD, Indices of Multiple Deprivation 
Percentages calculated after excluding participants (n=7) where deciles could not be calculated. 

 

 

 

Decile  IMD, n 

(%) 

Income, n  

(%) 

Employment, n  

(%) 

Education, 

n (%) 

Health, n  (%) Crime, n  (%) Barriers to 

housing and 

services, n  

(%) 

Living 

environment, n  

(%) 

IDACI, n  (%) IDAOPI, n  (%) 

10 2 (14.3%) 5 (35.7%) 5 (35.7%) 3 (21.4%) 5 (35.7%) 1 (7.1%) 1 (7.1%) 2 (14.3%) 3 (21.4%) 3 (21.4%) 

9 4 (28.6%) 1 (7.1%) 2 (14.3%) 1 (7.1%) 3 (21.4%) 1 (7.1%) 0 1 (7.1%) 3 (21.4%) 3 (21.4%) 

8 1 (7.1%) 0 0 2 (14.3%) 2 (14.3%) 3 (21.4%) 1 (7.1%) 0 0 0 

7 0 1 (7.1%) 2 (14.3%) 2 (14.3%) 1 (7.1%) 0 1 (7.1%) 2 (14.3%) 0 0 

6 2 (14.3%) 2 (14.3%) 0 1 (7.1%) 0 3 (21.4%) 1 (7.1%) 2 (14.3%) 3 (21.4%) 2 (14.3%) 

5 0 0 3 (21.4%) 3 (21.4%) 1 (7.1%) 1 (7.1%) 2 (14.3%) 0 0 1 (7.1%) 

4 3 (21.4%) 3 (21.4%) 1 (7.1%) 1 (7.1%) 0 1 (7.1%) 3 (21.4%) 1 (7.1%) 2 (14.3%) 1 (7.1%) 

3 1 (7.1%) 2 (14.3%) 0 1 (7.1%) 1 (7.1%) 0 1 (7.1%) 3 (21.4%) 2 (14.3%) 3 (21.4%) 

2 1 (7.1%) 0 1 (7.1%) 0 1 (7.1%) 1 (7.1%) 2 (14.3%) 2 (14.3%) 1 (7.1%) 0 

1 0 0 0 0 0 3 (21.4%) 2 (14.3%) 1 (7.1%) 0 1 (7.1%) 

Not 

available 

7 7 7 7 7 7 7 7 7 7 

Least 

deprived 

Most 

deprived 
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4.10.2.8 Cognitive test results 

4.10.2.8.1 Normality testing 

Normality testing of the data was performed using the ShapiroïWilk test due 

to small sample sizes. The results are shown in Table 4-24, below.  

 

 

Table 4-24: Normality testing of the cognitive test data 

Test name  Outcome measure(s) * ShapiroïWilk 

test result  

Interpretation  

MMSE Number of  correct answers  
 

Statistic=0.827, 
p=0.002 

Data not  
normally 
distributed 

HVLT-R Overall HVLT-R T score Statistic=0.956, 
p=0.434 

Data are 
normally 
distributed 

COWAT Number of  words correct (with 
score adjustment for age and 
years of  education) 

Statistic=0.973, 
p=0.798 

Data are 
normally 
distributed 

TMT Time to complete test (parts A 
+ B combined) 

Statistic=0.824, 
p=0.002 

Data not  
normally 
distributed 

Stroop Test 
(Victoria 
version) 

Stroop interference ratio (time 
to complete colours task 
divided by the time to 

complete the dots task) 

Statistic=0.912, 
p=0.060 

Data are 
normally 
distributed 

Hayling 
Sentence 

Completion Test 

Hayling Overall Scaled Score Statistic=0.696, 
p<0.0001 

Data not  
normally 

distributed 
Brixton Spatial 
Anticipation 

Test 

Brixton Scaled Score Statistic=0.918, 
p=0.080 

Data are 
normally 

distributed 
*The outcome measures are described in more detail in Section 4.7.1.2 and also in Table 4-25, below. 
COWAT, Controlled Oral Word Association Test; HVLT-R, Hopkins Verbal Learning Test - Revised; 
MMSE, Mini-Mental State Examination; TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part 
B 

 

 

4.10.2.8.2 Cognitive test result summary 

The summary data from the cognitive tests and measures are presented in 

Table 4-25, below. Note that where normative data have been provided, only 

data from individuals with age ranges relevant to the current study have been 

utilised to ensure relevance of the normative data. 
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Table 4-25: Cognitive test results 

Test name  Domain(s) 
evaluated  

Outcome measures  Scores , N (%) or mean (SD) / median (range)  

MMSE Global cognitive 
function 

Number of  correct answers  
Maximum score possible: 30 

29.0 (1.1) / 29 (27ï30) 
 

HVLT-R Memory Two parts - part A (f ree recall) and part B 
(recognition). Total number of  words correctly 
recalled during immediate recall (HVLT-R 

Total Recall, trials 1-3); total number of  words 
correctly identif ied af ter a delay (HVLT-R 
Delayed Recall, trial 4); Percentage retention, 

calculated by dividing HVLT-R Delayed 
Recall score by the best score f rom Trials 2 
and 3, multiplied by 100 (HVLT-R % 

Retention); and a recognition discrimination 
index calculated by subtracting the number of  
false positives f rom the number of  true 

positives obtained during part B of  the HVLT-
R (HVLT-R Recognition Discrimination 
Index). An age-adjusted T-score is generated 

for each of  these, which is then summated 
along with individual T scores for Trials 1ï3 to 
generate an overall HVLT-R T score. 

Raw scores: 
HVLT-R Trial 1: 6.2 (2.2) / 6 (3ï12) 
HVLT-R Trial 2: 8.6 (1.8) / 9 (5ï12) 

HVLT-R Trial 3: 9.7 (1.8) / 10 (5ï12) 
HVLT-R Total Recall: 24.6 (4.1) / 25 (14ï32) 
HVLT-R Delayed Recall: 8.2 (2.3) / 8 (3ï11) 

HVLT-R % Retention:  81.7% (19.9) / 83.3% (25ï125%) 
HVLT-R Recognition Discrimination Index: 10.1 (1.8) / 10 (6ï12) 
 

T scores: 
HVLT-R Trial 1: 42.7 (12.2) / 41 (25ï75) 
HVLT-R Trial 2: 43.5 (11.5) / 44 (20ï65) 

HVLT-R Trial 3: 43.1 (12.2) / 44 (20ï59) 
HVLT-R Total Recall: 42.1 (9.9) / 44 (20ï61) 
HVLT-R Delayed Recall: 41.3 (10.8) / 41 (20ï55) 

HVLT-R % Retention:43.1 (12.4) / 44 (20ï76) 
HVLT-R Recognition Discrimination Index: 44.3 (12.2) / 41 (20ï60) 
HVLT-R Overall T score: 300.1 (56.1) / 290 (166ï398) 

COWAT Verbal f luency Number of  words correct (with score 
adjustment for age and years of  education) 

43.2 (11.1) / 42 (21ï62) (post-adjustment scores) 

TMT Part A: Visual-

motor scanning 
speed 
Part B: Executive 

function 

Time to complete tests Part A: 32.6 s (16.4) / 26 s (17ï72 s) 

Part B: 86.3 s (39.6) / 71 s (50ï178 s) 
Combined A + B: 118.9 s (52.6) / 99 s (74ï196 s) 

Stroop Test 
(Victoria 

version) 

Inhibitory control Time to complete tasks, number of  errors, 
Stroop dif ference score (time to complete 

colours task - time to complete dots task), 
and Stroop interference ratio (time to 

Time to complete task 
Dots: 12.6 s (2.7) / 12 s (6ï18) 

Words: 15.1 s (3.9) / 15 s (7ï24) 
Colours: 24.2 s (7.6) / 22 s (13ï39) 
Number of  errors 
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complete colours task divided by the time to 

complete the dots task) 

Dots: 0 (0) / 0 (0) 

Words: 0 (0) / 0 (0) 
Colours: 0.2 (0.5) / 0 (0ï2) 
Stroop dif ference score 

 11.6 s (5.9) / 10 s (5ï25) 
Stroop interference ratio  
 1.9 (0.4) / 1.9 (1.4ï2.9) 

Hayling 
Sentence 
Completion Test 

Response 
initiation / 
suppression 

Time to complete sentences and 
classif ication of errors according to extent of  
connectedness to sentence. Final measure 

generated: Hayling Overall Scaled Score (1ï
10) 

Hayling Overall Scaled Score, n (%): 
10 (very superior) = 0 
9 (superior) = 0 

8 (good) = 1 (4.8%) 
7 (high average) = 1 (4.8%) 
6 (average) = 16 (76.2%) 

5 (moderate average) = 2 (9.5%) 
4 (low average) = 1 (4.8%) 
3 (poor) = 0 

2 (abnormal) = 0 
1 (impaired) = 0 

Brixton Spatial 

Anticipation 
Test 

Visuospatial 

sequencing / rule 
attainment 

Total number of  errors used to generate a 

scaled score 

Brixton Scaled Score, n (%): 

10 (very superior) = 1 (4.8%) 
9 (superior) = 0 
8 (good) = 1 (4.8%) 

7 (high average) = 5 (23.8%) 
6 (average) = 7 (33.3%) 
5 (moderate average) = 2 (9.5%) 

4 (low average) = 1 (4.8%) 
3 (poor) = 1 (4.8%) 
2 (abnormal) = 2 (9.5%) 
1 (impaired) = 1 (4.8%) 

COWAT, Controlled Oral Word Association Test; HVLT-R, Hopkins Verbal Learning Test - Revised; MMSE, Mini-Mental State Examination; SD, standard deviation; TMT-A, Trail 
Making Test Part A; TMT-B, Trail Making Test Part B 
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4.10.2.8.3 MMSE 

Although there is some variation in thresholds between researchers, scores 

of 24 or 25 and higher out of 30 in the MMSE are widely considered within 

normal limits (Salis et al., 2021). Therefore, all participants of the current 

study were considered to have normal cognition according to their MMSE 

results. 

 

 

4.10.2.8.4 HVLT-R 

The age-adjusted T scores generated through reference to the HVLT-R user 

manuals (Benedict & Brandt, 2001; Brandt & Benedict, 2001) for each of 

Trials 1ï3 and the four main outcome measures (HVLT-R Total Recall, 

HVLT-R Delayed Recall, HVLT-R % Retention, and HVLT-R Recognition 

Discrimination Index) had a possible range of Ò20 through to Ó80, with higher 

scores indicating better performance. Notably, T scores across these seven 

individual outcome measures were similar, with median T scores of either 41 

or 44, suggesting an average performance overall. The range of scores 

shown in Table 4-25 above indicate that one or more participants was in the 

lowest performance group of T-score Ò20 across six of the seven individual 

measures, and no participants scored the upper limit T score of Ó80.  

 

The overall T score generated through the combination of these seven 

measures had a possible range of Ò140 through to Ó560, and the participants 

in the current study had a median overall T score of 290 and a range of 166ï

398, indicative of low to average performance. 

 

 

4.10.2.8.5 COWAT 

The median COWAT score in the current study, after adjustment for age and 

years of education, was 42 (range 21ï62). Normative data for comparison 

are available from a number of sources. One set of normative data were 

based on 360 individuals aged 16ï70 years with 7ï22 years of education 

using the same three-letter combination version of the COWAT used in the 
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current study (C, F, L); these data reported a mean COWAT score of 40.1 

(SD=10.5) across both males and females, with slightly lower scores (and 

thus worse performance) in males (mean=39.5, SD 9.8) than females 

(mean=40.6, SD=11.2) (Ruff et al., 1996). The mean COWAT score across 

both males and females in the current study was 43.24 (SD=11.1), and 

higher scores were observed in females (mean=44.7, SD=10.9) than males 

(mean=41.9, SD=11.6). This indicates a slightly higher overall performance 

in the current cohort compared to the normative sample across both males 

and females. 

 

 

4.10.2.8.6 TMT 

The scores from parts A and B of the TMT were combined for analysis in the 

current study. The median time to complete Part A was 26 s (range 17ï72 s) 

and Part B was 71 s (50ï178 s), with a median combined A + B completion 

time of 99 s (74ï196 s). There are a number of sources of normative data for 

comparison for scores in each of the two test parts separately, including a 

large sample (n=858) of healthy, community-dwelling individuals in Canada 

aged between 20 and 89 years (Tombaugh, 2004). Interestingly, analysis of 

the results of this study through regression analyses found that almost none 

of the variance in performance in those aged between 25 to 54 years was 

due to years of education. The normative data from this study indicated 50th 

percentile (i.e., median) scores for Part A of the TMT ranging from 23 s for 

the 25ï34 years old group up to 38 s for the 70ï74 years old group; for Part 

B, the equivalent 50th percentile scores ranged from 50 s for the 25ï34 years 

old group to 97 s for the 70ï74 years old group (Tombaugh, 2004). The 

median age of participants in the current study was 46 years, with a range of 

31ï72 years. Thus, at a high level, median Part A and B TMT scores in the 

participants of the current study were not markedly deranged from the 

normative samples. 
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4.10.2.8.7 Stroop Test: Victoria Version 

The Stroop Ratio Index of Interference was the variable used for analysis in 

this study. It was calculated as the time taken to complete task three (the 

colours task) divided by the time taken to complete task one (the dots task) 

(Graf et al., 1995). Higher values indicate worse performance. The median 

ratio index was 1.9 (range 1.4ï2.9). Normative data for the ratio index of 

interference was provided from a cohort of 272 healthy, community-dwelling 

adults aged 18ï94 years (mean education 13 years, 64% females) living in 

Victoria, British Columbia, or Toronto, Ontario, Canada; the mean (SD) 

interference ratio scores ranged from 2.0 (0.6) in the 18ï39 year olds to 2.7 

(1.0) in the 70ï79 year olds (Troyer et al., 2006). These values are higher 

than the mean values obtained in the current study (mean=1.9, SD=0.4), 

indicating that, overall, performance in the Stroop Test: Victoria Version in 

the participants of the current study was at least in keeping with the average 

from normative populations. 

 

 

4.10.2.8.8 Hayling and Brixton Tests 

The Hayling and Brixton test materials include scaled scores with 

accompanying performance ratings ranging from ñvery superiorò to 

ñimpairedò. The results of the Hayling Test indicated that the majority of 

participants (n=16, 76.2%) scored ñaverageò in this test. Notably, no 

participants had a performance rating of ñvery superiorò or ñsuperiorò in the 

Hayling Test, but equally none had a score of ñpoorò, ñabnormalò, or 

ñimpairedò either. 

 

The same proportion of participants (n=16, 76.2%) scored ñaverageò in the 

Brixton Test as the Hayling Test. However, to contrast with the other results 

of the Hayling Test, one participant had a performance rating of ñvery 

superiorò, one of ñpoorò, two of ñabnormalò, and one of ñimpairedò in the 

Brixton Test. This indicated a wider spread of performance in the Brixton 

Test relative to the Hayling Test in the current study. However, and as 
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already indicated above, for both tests the majority of participants had 

ñaverageò performances. 

 

 

4.10.2.9 Quality of life 

Quality of life in the current study was evaluated through administration of 

the EORTC QLQ-C30 and BN20 as well as FACT-Br.  

 

 

4.10.2.9.1 Normality testing 

The results of the ShapiroïWilk tests for the quality-of-life measures are 

shown in Table 4-26, below.  

 

 

Table 4-26: Results of normality testing for the quality-of-life measures 

QOL 
tool  

Outcome measures*  ShapiroïWilk test result  Interpretation  

E
O

R
T

C
 Q

L
Q

-C
3
0
 
a
n
d
 B

N
2
0
 

QLQ-C30 

Functional scales: 
Physical Functioning 
Role Functioning 

Emotional Functioning 
Cognitive Functioning 
Social Functioning 

 
Symptom scales/items: 
Fatigue 

Nausea and Vomiting 
Pain 
Dyspnoea 

Insomnia  
Appetite Loss 
Constipation 

Diarrhoea 
Financial Dif f iculties 
 

Global health 
status/quality of  life  
 

BN-20 
Future Uncertainty 
Visual Disorder 

Motor Dysfunction 
Communication Def icit 
Headaches 

Seizures 
Drowsiness 
Hair Loss 

 

 
Statistic=0.676, p<0.001 
Statistic=0.743, p<0.001 

Statistic=0.891, p=0.024 
Statistic=0.847, p=0.004 
Statistic=0.896, p=0.029 

 
 
Statistic=0.888, p=0.021 

Statistic=0.569, p<0.001 
Statistic=0.575, p<0.001 
Statistic=0.508, p<0.001 

Statistic=0.865, p=0.008 
Statistic=0.464, p<0.001 
Statistic=0.521, p<0.001 

Statistic=0.617, p<0.001 
Statistic=0.687, p<0.001 
 

 
Statistic=0.899, p=0.034 
 

 
Statistic=0.814, p=0.001 
Statistic=0.668, p<0.001 

Statistic=0.715, p<0.001 
Statistic=0.820, p=0.002 
Statistic=0.655, p<0.001 

Statistic=0.236, p<0.001 
Statistic=0.705, p<0.001 
Statistic=0.583, p<0.001 

 

 
Data not  normally distributed 
Data not  normally distributed 

Data not  normally distributed 
Data not  normally distributed 
Data not  normally distributed 

 
 
Data not  normally distributed 

Data not  normally distributed 
Data not  normally distributed 
Data not  normally distributed 

Data not  normally distributed 
Data not  normally distributed 
Data not  normally distributed 

Data not  normally distributed 
Data not  normally distributed 
 

 
Data not  normally distributed 
 

 
Data not  normally distributed 
Data not  normally distributed 

Data not  normally distributed 
Data not  normally distributed 
Data not  normally distributed 

Data not  normally distributed 
Data not  normally distributed 
Data not  normally distributed 
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*The 

outcome measures are described in more detail in Section 4.7.1.3 and also in Table 4-27, below. 
TOI, Trial Outcome Index 

 

 

4.10.2.9.2 Quality-of-life measure result summary 

The results of these are shown in Table 4-27, below.  

 

Due to the nature of these measures, there is a relative paucity of normative 

data for comparison, although where it is available it has been presented 

below. Perhaps more usefully from a clinical and research perspective, the 

results of the current study are compared to those from studies of similar 

patient populations in the Discussion section of this chapter. 

 

 

Itchy Skin 
Weakness of  Legs 
Bladder Control 

Statistic=0.515, p<0.001 
Statistic=0.409, p<0.001 
Statistic=0.236, p<0.001 

 

Data not  normally distributed 
Data not  normally distributed 
Data not  normally distributed 

 

F
A

C
T

-B
r 

Subscales: 
Physical well-being 
Social/family well-being 

Emotional well-being  
Functional well-being  
Brain cancer subscale 

 
Summary scores: 
FACT-Br TOI 

FACT-G total score  
FACT-Br total score 

 
Statistic=0.872, p=0.010 
Statistic=0.917, p=0.077 

Statistic=0.922, p=0.096 
Statistic=0.959, p=0.503 
Statistic=0.913, p=0.064 

 
 
Statistic=0.942, p=0.239 

Statistic=0.952, p=0.370 
Statistic=0.958, p=0.483 

 
Data not  normally distributed 
Data are normally distributed 

Data are normally distributed 
Data are normally distributed 
Data are normally distributed 

 
 
Data are normally distributed 

Data are normally distributed 
Data are normally distributed 
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Table 4-27: Quality of life scores 

Test name  Outcome measures  Scores, mean (SD) / median (range)  

EORTC 

QLQ-C30 
and BN20 

Functional scales, symptom scales / items and global health status / 

quality of  life are calculated using a raw score that is standardised 
using a linear transformation so that scores range f rom 0ï100.  

QLQ-C30 

Global Health Status: 75.8 (20.2) / 83.3 (25ï100) 
Physical Functioning: 90.5 (15.3) / 100 (46.7ï100) 
Role Functioning: 77.0 (30.9) / 100 (16.7ï100) 

Emotional Functioning: 71.4 (26.8) / 75 (16.7ï100) 
Cognitive Functioning: 68.3 (22.3) / 66.7 (0ï100) 
Social Functioning: 73.8 (23.9) / 83.3 (16.7ï100) 

Fatigue: 35.4 (28.9) / 22 (0ï100) 
Nausea and Vomiting: 4.8 (9.3) / 0 (0ï33.3) 
Pain: 15.1 (30.2) / 0 (0ï100) 

Dyspnoea: 7.9 (18.0) / 0 (0ï66.7) 
Insomnia: 44.4 (37.0) / 33.3 (0ï100) 
Appetite Loss: 9.5 (23.9) / 0 (0ï100) 

Constipation: 11.1 (24.3) / 0 (0ï100) 
Diarrhoea: 12.7 (22.3) / 0 (0ï66.7) 
Financial Dif f iculties: 19.0 (27.0) / 0 (0ï66.7) 

 
BN-20 
Future Uncertainty: 19.2 (23.4) / 8.33 (0ï83.3) 

Visual Disorder: 10.0 (16.9) / 0 (0ï55.6) 
Motor Dysfunction: 17.8 (27.5) / 0 (0ï100) 
Communication Def icit: 25.0 (26.2) / 22.2 (0ï100) 

Headaches: 20.0 (33.2) / 0 (0ï100) 
Seizures: 5.0 (22.4) / 0 (0ï100) 
Drowsiness: 23.3 (24.4) / 33.3 (0ï100) 

Hair Loss: 15.0 (29.6) / 0 (0ï100) 
Itchy Skin: 10.0 (21.9) / 0 (0ï66.7) 
Weakness of  Legs: 8.3 (23.9) / 0 (0ï100) 

Bladder Control: 1.7 (7.5) / 0 (0ï33.3) 
FACT-Br Five subscales (physical well-being [PWB], social/family well-being 

[SWB], emotional well-being [EWB], functional well-being [FWB], brain 

cancer subscale [BrCS]), with some items reverse scored. A FACT-Br 

PWB score (/28): 22.9 (3.7) / 24 (14ï28) 
SWB score (/28): 22.4 (4.7) / 23.3 (12ï28) 

EWB score (/24): 17.4 (4.0) / 19 (7ï24) 
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EORTC QLQ, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaires; SD, standard deviation 
 

 

 

 

Trial Outcome Index (TOI) is generated f rom the sum of  the PWB, 

FWB, and BrCS scores; a FACT-G (general) total score is generated 
f rom the sum of  the PWB, SWB, EWB, and FWB scores; and a FACT-
Br (brain) total score is generated f rom the sum of  the PWB, SWB, 

EWB, FWB, and BrCS scores. 

FWB score (/28): 21.1 (4.8) / 21 (11ï28) 

BrCS score (/92): 66.7 (15.8) / 69 (32ï88) 
FACT-Br TOI (/148): 110.7 (22.7) / 115 (57ï143) 
FACT-G total score (/108): 83.7 (13.7) / 83 (49ï107) 

FACT-Br total score (/200): 150.4 (27.5) / 152 (81ï195) 
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4.10.2.9.3 EORTC QLQ-C30 and BN20 

The EORTC QLQ-C30 and BN20 are, respectively, generic and brain 

cancer-specific quality of life self-reported assessment tools for use in 

patients with cancer.  

 

Regarding the EORTC QLQ-C30, scores are broadly grouped into a global 

health status score, functioning scales, and symptom scales. A high score for 

the global health status / quality of life represents a high quality of life and 

high scores for the functional scales represent high / healthy levels of 

functioning, whereas high scores for the symptom scales / items represent a 

high level of symptomatology / problems.  

 

The global health status of participants was calculated as a median of 83.3 

out of 100, with a wide range of values (25ï100). The functional scales with 

the highest scores (indicating better performance) were physical and role 

functioning (both with median scores of 100 out of 100), followed by social 

functioning (median score of 83.3 out of 100) and emotional functioning 

(median score of 75 out of 100). The most adversely affected function was 

reported to be cognition (median score of 66.7 out of 100). Regarding the 

symptom scales / items, the median score for all but two of the scales / items 

was 0, indicating an absence of the corresponding symptom; of the 

remaining scales / items, the median score for insomnia was 33.3 (range 0ï

100) and for fatigue was 22 (range 0ï100). 

 

The EORTC QLQ-BN20 comprised only of symptom scales / items, where a 

high score represents a high level of symptomatology / problems. The results 

indicated that the highest level of symptomatology was observed for 

drowsiness (median 33.3 out of 100), followed by communication deficit 

(22.2 out of 100) and future uncertainty (8.33 out of 100). Median scores for 

the remaining symptom scales / items were 0. 
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4.10.2.9.4 FACT-Br 

The FACT-Br comprises of a number of subscales that can be used to 

generate a general (FACT-G) total score as well as a brain tumour-specific 

(FACT-Br) total score. Normative data from the general population and from 

cancer patients are available for the FACT-G questionnaire; the general 

population data were sourced from 1,075 US adults aged 18ï91 years, 

whereas the cancer patient data were sourced from 2,236 patients aged 18ï

92 years with a range of cancer sites (Brucker et al., 2005). A minimally 

important difference has been defined as a >2-point difference in the FACT-

G subscale scores and >5-point difference in the FACT-G total score 

(Brucker et al., 2005). Table 4-28, below, presents a comparison of the data 

from the current study to the general US population and cancer patient 

normative data. 

 

 

Table 4-28: A comparison of FACT-G results between the current study and normative data  

Data are presented as mean values (standard deviation). PWB, physical well-being; SWB, social well-
being; EWB, emotional well-being; FWB, functional well-being. Normative data source: (Brucker et al., 
2005) 

 

 

Based on the above-stated thresholds for minimally important differences, it 

can be seen that, on average across the study population of the current 

study: 

¶ physical well-being was similar to the level in the general population and 

in the general cancer patient normative data; 

¶ social well-being was higher than that in the general population but not 

that in the general cancer patient normative data; 

¶ emotional well-being was lower than that in the general population but not 

that in the general cancer patient normative data; 

Domain  Responses from 

the current study  

General adult US 

population norms  

General cancer 

patient norms  

PWB score 22.86 (3.66) 22.7 (5.4) 21.3 (6.0) 
SWB score 22.37 (4.67) 19.1 (6.8) 22.1 (5.3) 
EWB score 17.43 (4.04) 19.9 (4.8) 18.7 (4.5) 

FWB score 21.10 (4.85) 18.5 (6.8) 18.9 (6.8) 
FACT-G total 
score 

83.75 (13.73) 80.1 (18.1) 80.9 (17.0) 
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¶ functional well-being was higher than that in both the general population 

and general cancer patient normative data; and 

¶ the overall FACT-G total score was similar to the that in the general 

population and in the general cancer patient normative data. 

 

 

4.10.2.10 Personality test 

4.10.2.10.1 Normality testing 

The results of the ShapiroïWilk tests for the Big Five Inventory results are 

shown in Table 4-29, below.  

 

 

Table 4-29: Results of normality testing for the Big Five Inventory domains 

*The outcome measures are described in more detail in Section 4.7.1.4 and also in Table 4-30, below. 

 

 

4.10.2.10.2 Big Five Inventory results 

The summary data from the Big Five Inventory are shown in Table 4-30, 

below. 

 

 

Table 4-30: Big Five Inventory results 

 

 

As mentioned in Section 4.7.1.4, the purpose of administrating the Big Five 

Inventory in the current study was not to identify deviations from a 

Test 
name 

Outcome measures*  ShapiroïWilk test result  Interpretation  

Big Five 
Inventory 

Extroversion 
Agreeableness 

Conscientiousness 
Neuroticism 
Openness 

Statistic=0.928, p=0.124 
Statistic=0.939, p=0.208 

Statistic=0.915, p=0.069 
Statistic=0.962, p=0.563 
Statistic=0.931, p=0.147 

Data are normally distributed 
Data are normally distributed 

Data are normally distributed 
Data are normally distributed 
Data are normally distributed 

Test 

name 

Outcome measures  Scores, mean (SD) / median (range)  

Big Five 
Inventory 

Responses scored (with reverse 
scoring of  some items) and f ive 
personality traits evaluated: 

extroversion, agreeableness, 
conscientiousness, neuroticism, 
and openness. 

Extroversion: 27.6 (5.4) / 29 (15ï35) 
Agreeableness: 35.3 (7.0) / 35 (21ï45) 
Conscientiousness: 33.7 (5.5) / 31 (26ï44) 

Neuroticism: 23.1 (5.8) / 23 (12ï32) 
Openness: 35.5 (6.5) / 36 (17ï46) 
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hypothetical ónormalô personality trait, but instead to offer insights into 

potential relationships between personality ótypesô and quality of life in the 

study population. Nevertheless, it was possible to compare the Big Five 

Inventory results from participants in the current study to those obtained from 

a large (n=132,515) sample of US adults aged 21ï60 years (Srivastava et 

al., 2003b) in order to identify any clear deviations; these data were provided 

as item means (SD) for each domain, in contrast to the standard scoring for 

the Big Five Inventory, which involves summating the responses (with 

reverse scoring of some items) for each domain, without averaging to create 

a per-item mean response. Thus, to facilitate a general comparison of the 

data from the current study to that of Srivastava and colleagues, the total 

domain scores from the current study were divided by the number of items in 

the respective domain, as shown in Table 4-31, below. 

 

 

Table 4-31: A comparison of Big Five Inventory results between the current study and normative data  

Data are presented as mean values (SD) per item within each domain, with a maximum possible score 
of 5 for each domain. The normative data comprised a large (n=132,515) sample of US adults aged 
21ï60 years, the data of which were sourced from Srivastava et al. (2003a). The data source provides 
a table for average scores across each domain for participants aged between 21 and 60 years, for 
each year separately. As the participants in the current study were aged between 31 and 72 years, the 
means and standard deviations for participants aged between 31 and 60 (the upper limit of the 
comparison sample data) have been averaged. Thus, the values reported in the table are age-
averaged. 

 

 

As can be seen from the above table, relative to a large sample of the 

general population, there were overall no major deviations in the domains 

between the current study and the comparative sample of Srivastava et al.  

 

 

Domain  Responses from the 

current study  
Comparative data from Srivastava et 

al. (2003b) 
Extroversion 3.45 (0.67) 3.24 (0.90) 

Agreeableness 3.93 (0.78) 3.88 (0.67) 
Conscientiousness 3.75 (0.61) 3.78 (0.71) 
Neuroticism 2.88 (0.72) 3.09 (0.88) 

Openness 3.55 (0.65) 3.88 (0.70) 
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4.10.2.11 Premorbid IQ estimation 

4.10.2.11.1 Normality testing 

The results of the ShapiroïWilk tests for the NART results confirmed the 

data were normally distributed (ShapiroïWilk test statistic=0.966, p=0.652).  

 

 

4.10.2.11.2 NART results 

The NART Total Errors Score was used to calculate an estimate of 

premorbid intelligence. The NART Total Errors Score, along with the 

corresponding NART-predicted WAIS-IV scales are shown in Table 4-32, 

below. 

 

 

Table 4-32: Premorbid IQ estimation results 

IQ, intelligence quotient; NART, National Adult Reading Test; SD, standard deviation; WAIS, Wechsler 
Adult Intelligence Scale 

 

 

As shown in the above table, the median number of errors made in the 

NART was 16 out of a possible maximum of 50, with a range of 2 to 29 

errors. The corresponding predicted WAIS-IV Full Scale IQ averaged 110.8, 

ranging from 98.1ï124.5. The following thresholds for IQ ranges are 

commonly used with the WAIS-IV: Ó130, very superior; 120ï129, superior; 

110ï119, high average; 90ï109, average; 80ï89, low average; 70ï79, 

borderline; Ò69, extremely low (Weiss, 2006). Applying these thresholds, all 

participants in the current study had a predicted premorbid intelligence of 

Test 
name 

Outcome measures  Scores, mean (SD) / median (range)  

NART Number of  errors in 
pronunciation are 

summated to create 
a ñNART Total 
Errors Scoreò. This 

score was converted 
into predicted WAIS-
IV scores using 

conversion formula 
provided by (Bright 
et al., 2018). 

NART Total Errors Score: 15.1 (7.5) / 16 (2ï29) 
NART Predicted WAIS-IV Full Scale IQ: 111.6 (7.33) / 

110.8 (98.1ï124.5) 
NART Predicted WAIS-IV General Ability Index: 111.9 (7.2) 
/ 111.1 (98.5ï124.6) 

NART Predicted WAIS-IV Verbal Comprehension Index: 
110.5 (8.1) / 109.6 (95.7ï124.7) 
NART Predicted WAIS-IV Perceptual Reasoning Index: 

110.7 (4.7) / 110.2 (102.1ï118.9) 
NART Predicted WAIS-IV Working Memory Index: 108.6 
(5.9) / 107.9 (97.6ï119.0) 

NART Predicted WAIS-IV Perceptual Speed Index: 106.5 
(4.0) / 106.1 (99.2ï113.5) 



 

 224 

óaverageô or higher, with some participants demonstrating óhigh averageô or 

ósuperiorô predicted premorbid intelligence. 

 

 

4.10.2.12 Summary of the descriptive data 

The descriptive data summarised identified a number of notable findings. 

First, over half (52.4%) of participants were educated to degree level, which 

is indicative of a population with a high overall educational attainment. 

Second, NS-SEC and IMD data indicate the study population were, overall, 

socioeconomically advantaged both in their upbringing and based on their 

occupations; indeed, the proportion of patients in the highest social class 

according to the NS-SEC was significantly higher than that expected based 

on a stratification of the Greater London population based on census data. 

Third, the cognitive test results demonstrated, at the group level, at least 

average performance compared to healthy controls in many of the tests, 

although some domain-specific cognitive tests administered found deficits 

across a number of cognitive domains. Fourth, all participants had an 

estimated average to superior WAIS-IV IQ (range: 98.1ï124.5), which may 

have offset some of the tumour-related effects on cognition (cognitive 

reserve) and explain the third point, above. Fifth, the quality-of-life descriptive 

data indicated most results were similar to that seen in the general 

population and the wider group of patients with cancer, with the exception of 

emotional well-being and cognitive functioning, which were reported as the 

most affected of all the domains evaluated.  

 

Seven cognitive tests were administered to the study participants. Although 

this provided a rich dataset covering multiple cognitive domains, to 

statistically explore relationships between variables, it was important to 

simplify these cognitive test results while maintaining as much of the 

variability in the data as possible. The process of achieving this, through 

principal component analysis, is now described. 
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4.10.3 Composite scores 

To perform principal component analysis to generate cognitive composites, 

the seven administered cognitive tests were all positively scored so that 

higher scores inferred better cognition. The following tests were positively 

scored in the original assessment format and required no adjustment prior to 

inclusion in the composite: 

¶ MMSE 

¶ HVLT-R Total T Score 

¶ COWAT 

¶ Hayling Overall Scaled Score 

¶ Brixton Overall Scaled Score 

 

The following cognitive tests were negatively scored in the original 

assessment, and thus needed to be inverse scored prior to inclusion in the 

composite: 

¶ TMT A + B results combined 

¶ Stroop Interference Ratio 

 

 

4.10.3.1 Data spread and correlations among the original seven 

cognitive tests 

Figure 4-3 shows a violin plot of scores in the seven cognitive tests, 

standardised from 0ï1. This demonstrates that the cognitive test with the 

least spread of data was the MMSE, and that with the greatest was the 

Brixton Test. 
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Figure 4-3: Violin plot demonstrating the spread of the results for the seven cognitive tests 
COWAT, Controlled Oral Word Association Test; HVLT-R, Hopkins Verbal Learning Test - Revised; 
MMSE, Mini-Mental State Examination; TMT A + B, Trail Making Test Parts A and B 
All scores were standardised, and scores in the Trail Making Test and Stroop test were inverse scored 
as described in the main text. Black circles represent the median scores of each test. 

 

 

Correlation analyses between the seven cognitive tests were performed to 

ensure that the correlations between items were not too high , which would 

indicate they are measuring much of the same construct. The correlation 

matrix of the parametric correlation analyses is shown in Table 4-33. The 

results confirmed that, although there were some statistically significant 

correlations, no correlations were above 0.6. 
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Table 4-33: Correlation matrix for the seven cognitive tests 

 MMSE  HVLTR 

Total T 
Scores  

COWAT Hayling 

Overall 
Scaled Score  

Brixton 

Overall 
Scaled 
Score  

Inverse score of 

combined TMT A + 
B results  

Reverse score / inverted 

Stroop Ratio Index of 
Interference  

MMSE  1.000 0.286 0.064 -0.129 0.488* 0.024 -0.277 

HVLT-R Total T Scores  0.286 1.000 -0.051 -0.075 0.112 -0.307 -0.133 

COWAT 0.064 -0.051 1.000 0.136 0.174 0.579** 0.307 

Hayling Overall Scaled 
Score  

-0.129 -0.075 0.136 1.000 0.394 0.568** 0.396 

Brixton Overall Scaled 
Score  

0.488* 0.112 0.174 0.394 1.000 0.290 -0.023 

Inverse score of 
combined TMT A + B 

results  

0.024 -0.307 0.579** 0.568** 0.290 1.000 0.547* 

Reverse score / inverted 

Stroop Ratio Index of 
Interference  

-0.277 -0.133 0.307 0.396 -0.023 0.547* 1.000 

Parametric correlation coefficients are displayed. Significant correlations are highlighted in bold. * Significant at the 0.05 level. ** Significant at the 0.001 level. 
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The statistically significant correlations were then visually inspected via 

scatter plots to confirm the correlation results were not the result of outliers 

within the data (Figure 4-4). Of the four correlations flagged as significant, 

the correlation between the Hayling Test Overall Scaled Score and the 

inverse score of the combined TMT A and B results is of particularly 

questionable validity given the unusual appearance of the scatter plot. 
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Figure 4-4: Scatter plots of the significantly correlated cognitive tests 
(A) MMSE score and Brixton Overall Scaled score; (B) Inverse score of TMT parts A and B combined and Hayling Overall Scaled Score; (C) Inverse score of TMT parts A and 
B combined and reverse score of the Stroop Ratio Index of Interference; (D) Inverse score of TMT parts A and B combined and COWAT score 
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4.10.3.2 Composite score creation 

The Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy and 

Bartlettôs Test of Sphericity were calculated. The KMO Measure of Sampling 

Adequacy value was 0.490; values can range between 0 and 1; although 

higher values (0.6 or more) are preferable, the lower result obtained in the 

current study is likely a reflection of the small sample size. The Bartlettôs Test 

of Sphericity, which tests the null hypothesis that the correlation matrix is an 

identity matrix, was significant (approximate chi square=39.390, df=21, 

p=0.009), indicating the null hypothesis can be rejected and the PCA can 

proceed. 

 

Table 4-34 shows the total variance explained by the different components of 

the PCA. Component 1 and 2 account for 35.4% and 24.4% of the variance 

in the analysis, together accounting for 59.8% of the variance. 

 

 

Table 4-34: Total variance explained by the components of the principal component analysis 
Component  Initial 

Eigenvalues  
Extraction Sums of Squared 

Loadings  
Rotation Sums of Squared 

Loadings  
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1 2.48 35.4 35.4 2.48 35.4 35.4 2.47 35.3 35.3 

2 1.71 24.4 59.8 1.71 24.4 59.8 1.71 24.5 59.8 

3 0.94 13.4 73.2             

4 0.88 12.5 85.8             

5 0.49 7.0 92.8             

6 0.34 4.8 97.6             

7 0.17 2.4 100             

 

 

The scree plot shown in Figure 4-5, below, demonstrates in a visual manner 

the findings also shown in Table 4-34, above. It is generally preferable to 

keep only the components with eigenvalues greater than 1, as components 

with an eigenvalue of less than 1 account for less variance than the original 

variable, which had a variance of 1.  
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For these reasons, it was decided to keep components 1 and 2. 

 

 

 

Figure 4-5: Scree plot of the eigenvalue against component number 

 

 

The component matrix shown in Table 4-35 below has suppressed the 

display of coefficients less than 0.3. 

 

 

Table 4-35: Component matrix focusing on the first two components of the principal component 
analysis  

Component  

1 2 

Inverse score of combined TMT A + B results  0.91 
 

Hayling Overall Scaled Score  0.72 
 

Reverse score / inverted Stroop Ratio Index of Interference  0.70 -0.33 
COWAT 0.62 

 

MMSE  
 

0.86 
Brixton Overall Scaled Score  0.39 0.77 
HVLT-R Total T Scores    0.50 

 

 

A varimax (orthogonal) rotation was used on the components to enhance the 

interpretation of the components. Table 4-36 and Table 4-37 show the 

rotated component matrix and component transformation matrix, 

respectively. The rotation method used was varimax with Kaiser 
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normalisation, and the rotation converged in three iterations. Figure 4-6 

shows the component plot in rotated space.  

 

 

Table 4-36: Rotated component matrix   
Component  

1 2 

Inverse score of combined TMT A + B results  0.92 
 

Hayling Overall Scaled Score  0.73 
 

Reverse score / inverted Stroop Ratio Index of Interference  0.67 -0.39 
COWAT 0.63 

 

MMSE  
 

0.86 
Brixton Overall Scaled Score  0.44 0.74 
HVLT-R Total T Scores    0.52 

 

 

Table 4-37: Component transformation matrix  
 

 
Component  

 1 2 

C
o
m

p
o
n
e

n
t

 1  1.00 -0.08 

2 0.08 1.00 

 

 

 
Figure 4-6: Component plot in rotated space 
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4.10.3.3 Interpretation of the two chosen principal components 

The first two components of the PCA were chosen as dependent variables 

for the outcome of interest (i.e., cognitive function). The question then 

naturally arises as to what aspects of cognition the different components 

represent. It is likely that component 1 is an assessment of fluid intelligence, 

i.e., logic and problem solving that is relatively independent of an individualôs 

knowledge. This is reflected by the cognitive tests that contribute to its score, 

namely, the TMT (a measure of visual-motor scanning speed, executive 

function, and visual speed working memory), Hayling and Brixton tests 

(measures of response inhibition/suppression and visuospatial 

sequencing/rule attainment), Stroop tests (a measure of inhibitory control), 

and the COWAT (a measure of verbal fluency). Component 2, on the other 

hand, may be more of a measure of crystallised intelligence, i.e., related to 

knowledge gained through experience. This is reflected in the strong 

representation of the MMSE (a general screening tool for cognitive function 

that incorporates knowledge-related questions), and to an extent the HVLT-R 

(a measure of memory), but the strong contribution of the Brixton test is 

somewhat unexpected. 

 

These two principal components 1 and 2 were labelled as óCognitive 

Composite 1ô and óCognitive Composite 2ô, respectively, and factor scores 

were extracted from the two components for each participant to be used as 

dependent variables in the subsequent analyses, including the correlational 

analysis and linear regressions. The factor scores were standardised during 

the course of performing the PCA and there was thus no requirement for the 

scores within the measures to be standardised separately, and weighting 

was also performed on the data through the PCA. 
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4.10.3.4 Spread of the two chosen principal components 

4.10.3.4.1 Cognitive Composite 1 

The spread of the cognitive composite 1 measure is shown in Figure 4-7. 

The non-significant ShapiroïWilk test value confirmed that the scores were 

normally distributed (ShapiroïWilk test value=0.952, p=0.364). 

 

 
Figure 4-7: Histogram showing the spread of results of Cognitive Composite 1 (with normal curve) 

 

 

4.10.3.4.2 Cognitive Composite 2 

The spread of the Cognitive Composite 2 measure is shown in Figure 4-8. As 

for cognitive composite 1, the Shapiro-Wilk test value confirmed that the 

cognitive composite 2 scores were normally distributed (ShapiroïWilk test 

value=0.929, p=0.133). 
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Figure 4-8: Histogram showing the spread of results of Cognitive Composite 2 (with normal curve) 

 

 

4.10.3.5 Summary of the composite score creation 

Seven cognitive tests were administered as part of this study in order to 

evaluate multiple cognitive domains and enrich the dataset. Subsequently, in 

order to reduce the number of dependent variables evaluating cognition, a 

principal component analysis was performed. This was able to convert the 

results of seven cognitive tests into two discrete cognitive composite scores 

that, together, explained almost 60% of the variance in the cognitive test 

performance in the study participants. These two cognitive composite scores, 

Cognitive Composite 1 and Cognitive Composite 2, representative of fluid 

and crystallised intelligence, respectively, were used in the analyses 

described in the remainder of this chapter to represent the current cognitive 

performance of the study participants. The analyses performed included 

comparisons of mean values in various measures, correlational analyses 

and, for significantly correlated variables relating to the primary objective of 

the study, linear regression analysis. Where possible, for each of these sets 

of analyses, the results for the primary objective are presented separately to 

those of the secondary objectives. 
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4.10.4 Primary objective 

4.10.4.1 Comparison of means 

To address the primary objective of the study as stated in Section 4.2.1, the 

means in the Cognitive Composite 1 and 2 scores were calculated and 

compared between pairs of groups derived from variables with binary 

response options through the calculation of independent-samples t-tests. 

The grouping variables analysed were as follows: 

 

Demographic variables  

¶ Sex 

 

Clinical variables  

¶ Tumour location (frontal vs non-frontal) 

¶ Tumour laterality (right vs left) 

¶ Number of surgeries for the brain tumour (1 vs 2) 

¶ Extent of tumour resection (gross total resection vs not gross total 

resection) 

¶ Received chemotherapy (yes vs no) 

¶ Received radiotherapy (yes vs no) 

¶ Anti-epileptic drug administration (yes vs no) 

¶ 1p19q codeletion status (codeleted vs not) 

 

Education variables  

¶ Educational attainment of participant (degree vs no degree) 

¶ Educational attainment of parents (at least one parent with a degree vs 

none with a degree) 

 

The selection of variables to include in this analysis was informed by the 

results of the systematic review presented earlier in the thesis (see Chapter 

2).  
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The comparisons and the results of these analyses are shown in Table 4-38, 

below. As can be seen from the table, there were no significant differences in 

cognitive composite scores (1 or 2) according to any of the grouping 

variables. 

 

 

Table 4-38: Comparison of means between groups in independent-samples t-tests 

Dependent variable  Independent variable  t-test 
result  

P 
value  

Cognitive Composite 1 Sex (male vs female) 0.125 0.902 
Cognitive Composite 1 Tumour location (frontal vs non-frontal) -1.799 0.090 
Cognitive Composite 1 Tumour laterality (right vs left)  -0.512 0.615 
Cognitive Composite 1 Number of surgeries for the glioma (1 vs 2) 0.996 0.332 
Cognitive Composite 1 Extent of tumour resection (gross total resection vs not 

gross total resection) 
1.539 0.140 

Cognitive Composite 1 Received chemotherapy (yes vs no) -0.091 0.929 
Cognitive Composite 1 Received radiotherapy (yes vs no) -0.657 0.519 
Cognitive Composite 1 Anti-epileptic drug administration (yes vs no) -0.580 0.569 
Cognitive Composite 1 1p19q codeletion status (codeleted vs not) 0.661 0.517 
Cognitive Composite 1 Educational attainment of participant (degree vs no 

degree) 
-0.033 0.974 

Cognitive Composite 1 Educational attainment of parents (at least one parent 
with a degree vs none with a degree) 

0.630 0.536 

Cognitive Composite 2 Sex (male vs female) -0.484 0.634 
Cognitive Composite 2 Tumour location (frontal vs non-frontal) -1.984 0.064 
Cognitive Composite 2 Tumour laterality (right vs left)  -0.172 0.866 
Cognitive Composite 2 Number of surgeries for the glioma (1 vs 2) -0.569 0.576 
Cognitive Composite 2 Extent of tumour resection (gross total resection vs not 

gross total resection) 
-0.091 0.928 

Cognitive Composite 2 Received chemotherapy (yes vs no) -0.988 0.336 
Cognitive Composite 2 Received radiotherapy (yes vs no) -0.762 0.455 
Cognitive Composite 2 Anti-epileptic drug administration (yes vs no) 0.894 0.383 
Cognitive Composite 2 1p19q codeletion status (codeleted vs not) -1.631 0.119 
Cognitive Composite 2 Educational attainment of participant (degree vs no 

degree) 
-0.403 0.692 

Cognitive Composite 2 Educational attainment of parents (at least one parent 
with a degree vs none with a degree) 

0.491 0.629 

 

 

4.10.4.2 Correlational analyses 

To address the primary objective of the study, a number of bivariate 

parametric correlational analyses were performed between the Cognitive 

Composite 1 and 2 scores and the continuous demographic, clinical, and 

socioeconomic variables studied, in order to identify potential predictors of 

cognition in the study population. Each of the following variables were 

evaluated in pairs with Cognitive Composite 1, and then again with Cognitive 

Composite 2: 
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Demographic variables  

¶ Age 

 

Socioeconomic variables  

¶ NS-SEC Class of participant prior to tumour diagnosis 

¶ NS-SEC Class of participant at time of study participation  

¶ NS-SEC Class of the participantôs father 

¶ NS-SEC Class of the participantôs mother 

¶ IMD decile 

 

Education variables  

¶ Years of schooling 

 

Clinical factors  

¶ Performance (functional) status 

¶ Time since diagnosis 

¶ Time since last surgery 

¶ Time since last chemotherapy 

¶ Time since last radiotherapy 

 

Estimated premorbid  intelligence  

¶ NART 

¶ NART-predicted premorbid IQ 

 

There were no significant correlations between Cognitive Composite 1 and 

any of the above-listed variables. However, there were three significant 

correlations between Cognitive Composite 2 and the above variables, as 

shown in Table 4-39. 
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Table 4-39: Significant correlations identified during the correlation analyses for the study primary 
objective 

Variab le 1 Variable 2  Parametric correlation  P value  

Cognitive Composite 2 Age -0.448 0.041 
Cognitive Composite 2 NART Total Errors -0.504 0.020 
Cognitive Composite 2 NART-predicted premorbid IQ  0.504 0.020 

 

 

These results indicate that higher cognitive performance is associated with 

younger age and higher estimated premorbid intelligence. As the NART-

predicted premorbid IQ score is generated from the NART Total Errors score 

using the calculation shown in Section 4.7.1.5.1, with higher NART Total 

Errors scores translating to a lower NART-predicted premorbid IQ score, it 

was expected that the strength of the correlation for NART-predicted 

premorbid IQ and NART Total Errors would be the same but with opposite 

signs. As there is little value in reporting both variables throughout the 

remaining analyses performed, for the remainder of the chapter I refer only to 

NART-predicted premorbid IQ, as premorbid intelligence estimation was the 

underlying reason for including the NART in the current study. Of note, there 

was no significant correlation between age and NART-predicted premorbid 

IQ (parametric correlation=-0.040, p=0.865). 

 

To confirm a sensible theoretical interpretation of the correlation results, 

scatter plots between Cognitive Composite 2 and age as well as NART-

predicted premorbid IQ were created (Figure 4-9) and evaluated. The scatter 

plot of Cognitive Composite 2 and NART raised no specific concerns 

regarding the robustness of the correlation. The scatter plot of Cognitive 

Composite 2 and age raised the possibility of two outliers in the bottom right 

of the plot (the two points closest to the x axis); to evaluate these further, 

Cookôs distances were calculated to identify influential outliers within these 

data. There are several ways in which to interpret Cookôs distance values; 

one of the commonest interpretations is to use Ó1 as a threshold for 

influence, with which none of the datapoints can be considered influential  

outliers (Cookôs distance mean=0.057 [SD 0.112], median=0.017, 

range=0.00002ï0.485). Thus, the linear regression described in the next 

section was performed without excluding any data points.  
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Figure 4-9: Scatter plots of the significant correlations identified for the primary study objective 
Top plot: Cognitive Composite 2 and age (in years), bottom plot: Cognitive Composite 2 and NART-
predicted premorbid IQ 

 

 

4.10.4.3 Linear regression analyses 

Following calculation of the correlations between the two cognitive composite 

scores and other measures as per the primary objective of the study, linear 

regression analysis was performed only on pairs of variables that were both 

significantly correlated with either of the cognitive composite scores. Only 

age and NART-predicted premorbid IQ were identified as significantly 

correlated with Cognitive Composite 2, and Cognitive Composite 1 was not 

significantly associated with any of the tested measures.  
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Therefore, a single linear regression was calculated to predict Cognitive 

Composite 2 score from age as well as NART-predicted premorbid IQ. The 

linear regression was calculated twice, once without the interaction term and 

again with it. The interaction term was introduced into the linear regression 

alongside the two independent variables to evaluate whether either of the 

independent variables had an interaction effect on the dependent variable, 

that is, whether the effect of one of the independent variables on the 

dependent variable is different depending on the level of the other 

independent variable. To generate the interaction term, the predictor 

variables were centred prior to multiplying them, in order to avoid the issue of 

multicollinearity and to simplify interpretation of the coefficients.  

 

In the model without the interaction term, a significant model was confirmed 

(F(2,18)=7.015, p=0.006, R2=0.438), with the model accounting for 

approximately 43.8% of the variance in Cognitive Composite 2 scores. The 

variables of age (ɓ=-0.429, p=0.026) and NART-predicted premorbid IQ 

(ɓ=0.487, p=0.013) both contributed statistically significantly to the 

prediction. Inclusion of the interaction term into the model maintained the 

significance of the model with an observed increase in the model R2 value 

(F(3,17)=5.628, p=0.007, R2=0.498), indicating that the model with the 

interaction term explained a higher level of variance in Cognitive Composite 

2 scores than the model without the interaction term; specifically, the 

interaction term contributed 6% of the variation in Cognitive Composite 2 

scores. In addition, the adjusted R2 value of the model with the interaction 

term (0.410) was higher than the model without the interaction term (0.376), 

indicating that the addition of the interaction term improved the fit of the 

model more than would be expected by chance. However, unlike the model 

without the interaction term, none of the individual variables of age, NART-

predicted premorbid IQ, or the interaction term of the two added statistically 

significantly to the prediction model (all ps>0.05; Table 4-40 provides the 

corresponding ɓ values). Furthermore, the F change test result for the 

change in R2 value between the model with and without the interaction term 

was non-significant (R2 change=0.06, F change=2.043, p=0.171), indicating 

that the addition of the interaction term to the model did not significantly 



 

 242 

improve the modelôs predictive ability. The changes observed in the two 

models likely reflect overlap in the variance between the interaction and the 

main effects.  

 

 

Table 4-40: Coefficient results for the linear regression model with and without inclusion of the 
interaction term 

 Variable  Unstandardised 

coefficient  

Standardised 

ɓ coefficient  

t P 

value  

B Standard 
error  

M
o
d
e
l 

w
it
h
o
u
t 

in
te

ra
c
ti
o
n
 

te
rm

 

(Constant) -5.320 2.865  -1.857 0.080 
Age -0.045 0.018 -0.429 -2.427 0.026 

NART-
predicted 
premorbid IQ 

0.066 0.024 0.487 2.755 0.013 

M
o
d
e
l 

w
it
h
 

in
te

ra
c
ti
o
n
 t

e
rm

 

(Constant) -4.567 2.835  -1.611 0.126 

Age -0.027 0.022 -0.256 -1.219 0.239 

NART-

predicted 
premorbid IQ 

0.052 0.025 0.383 2.050 0.056 

Interaction term 0.004 0.003 0.320 1.429 0.171 

 

 

To explore the effects of the interaction term in further detail, the mean age 

of participants (47 years; the age of participants was normally distributed, 

ShapiroïWilk statistic=0.967, p=0.664) was used as a threshold to split the 

group into a ólower ageô and a óhigher ageô group. The scatter plots of NART-

predicted premorbid IQ and Cognitive Composite 2 score in the lower age 

(<47 years) and higher age (Ó47 years) participants are shown in Figure 

4-10. The top plot in the figure does not indicate the presence of a correlation 

between NART-predicted premorbid IQ and Cognitive Composite 2 scores in 

those aged under 47 years. To contrast, the bottom plot indicates that, in the 

participants aged 47 years or older, there appears to be a correlation 

between NART-predicted premorbid IQ and Cognitive Composite 2 scores, 

such that lower NART-predicted premorbid IQ (resulting from a higher NART 

Total Errors score) is associated with a lower cognitive performance as 

evaluated through Cognitive Composite 2 scores, and vice versa. These 

scatter plots, in combination with the model statistical results, indicate the 

presence of a weak, non-significant interaction effect. 
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Figure 4-10: Scatter plots of NART-predicted premorbid IQ and Cognitive Composite 2 scores by age 
Top plot: study participants aged less than 47 years, bottom plot: study participants aged 47 years and 
older 

 

 

4.10.5 Secondary objectives 

4.10.5.1 Comparison of means 

To address the secondary objectives of the study as stated in Section 4.2.2, 

the means in the quality of life scores were calculated and compared 

between pairs of groups through calculation of independent-samples t-tests.  
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For the purposes of these quality of life analyses, given the very specific 

nature of some of the symptom reporting items in the quality of life scales 

that are also of questionable relevance to cognition (for example, 

óconstipationô, ódiarrhoeaô, and óhair lossô), only the following components of 

the quality of life tools were compared for mean values (as well as the 

correlational analyses described later): 

 

EORTC QLQ-C30 

¶ EORTC QLQ-C30 Global health status / quality of life 

¶ EORTC QLQ-C30 Physical Functioning scale 

¶ EORTC QLQ-C30 Role Functioning scale 

¶ EORTC QLQ-C30 Emotional Functioning scale 

¶ EORTC QLQ-C30 Cognitive Functioning scale 

¶ EORTC QLQ-C30 Social Functioning scale 

 

FACT-Br 

¶ FACT-Br Physical Well-being scale 

¶ FACT-Br Social/family Well-being scale 

¶ FACT-Br Emotional Well-being scale 

¶ FACT-Br Functional Well-being scale 

¶ FACT-Br Brain cancer subscale 

¶ FACT-Br Trial Outcome Index 

¶ FACT-G total score 

¶ FACT-Br total score 

 

Note that, as the EORTC QLQ-BN20 questionnaire focuses on reporting of 

specific symptoms only and does not include domain or global quality of life 

scores, the results from this measure were not used in the mean 

comparisons or correlational analyses.  
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The grouping variables employed for these analyses were the same as the 

demographic variables, clinical variables, and education factors listed in 

Section 4.10.4.1, above. 

 

There were no significant differences in the mean quality of life values for 

any of the grouping variables. 

 

 

4.10.5.2 Correlational analyses 

To address the secondary objectives of the study as stated in Section 4.2.2, 

correlations between a number of pairs of variables were calculated. 

Specifically, the quality-of-life variables listed above were each paired 

individually with the following variables to perform bivariate parametric 

correlational analyses: 

 

Cognitive Composites  

¶ Cognitive Composite 1 

¶ Cognitive Composite 2 

 

Demographic variables  

¶ Age 

 

Socioeconomic factors  

¶ NS-SEC Class at time of study participation  

¶ IMD decile  

 

Education variables  

¶ Years of schooling  

 

Clinical features  

¶ Performance (functional) status  

¶ Time since diagnosis  
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¶ Time since last surgery  

¶ Time since last chemotherapy 

¶ Time since last radiotherapy 

 

Estimated premorbid  intelligence  

¶ NART 

 

Personality type  

¶ Big Five Personality domain: Extroversion 

¶ Big Five Personality domain: Agreeableness 

¶ Big Five Personality domain: Conscientiousness 

¶ Big Five Personality domain: Neuroticism 

¶ Big Five Personality domain: Openness 

 

The results of the analyses for the secondary objectives revealed a number 

of significant correlations as identified in Table 4-41, below. 

 

 

Table 4-41: Significant correlations identified during the correlation analyses for the study secondary 
objectives 

Variable 1  Variable 2 ( quality -of -life measure)  Parametr
ic 
correlati
on 

P 
value  

Cognitive Composite 1 EORTC QLQ-C30 Physical Functioning scale 0.579 0.006 
Cognitive Composite 1 EORTC QLQ-C30 Role Functioning scale 0.514 0.017 
Cognitive Composite 1 EORTC QLQ-C30 Social Functioning scale 0.671 0.001 
Cognitive Composite 1 FACT-Br Physical Well-being scale 0.497 0.022 
Cognitive Composite 1 FACT-Br Brain cancer subscale 0.499 0.021 
Cognitive Composite 1 FACT-Br Trial Outcome Index 0.436 0.048 
    

Age EORTC QLQ-C30 Physical Functioning scale -0.487 0.025 
Age EORTC QLQ-C30 Social Functioning scale -0.457 0.037 
Age FACT-Br Social/family Well-being scale -0.526 0.014 
Age FACT-Br Brain cancer subscale -0.459 0.037 
Age FACT-Br Total score -0.435 0.049 
    
Performance (functional) status EORTC QLQ-C30 Physical Functioning scale -0.596 0.004 
Performance (functional) status FACT-Br Physical Well-being scale -0.497 0.022 
Performance (functional) status FACT-Br Functional Well-being scale -0.449 0.041 
Performance (functional) status FACT-Br Brain cancer subscale -0.514 0.017 
Performance (functional) status FACT-Br Trial Outcome Index -0.533 0.013 
Performance (functional) status FACT-Br Total score -0.454 0.039 
    
NS-SEC Class at time of study 
participation 

EORTC QLQ-C30 Role Functioning scale -0.691 0.001 
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NS-SEC Class at time of study 
participation 

EORTC QLQ-C30 Cognitive Functioning scale -0.450 0.041 

NS-SEC Class at time of study 
participation 

FACT-Br Physical Well-being scale -0.517 0.016 

NS-SEC Class at time of study 
participation 

FACT-Br Brain cancer subscale -0.645 0.002 

NS-SEC Class at time of study 
participation 

FACT-Br Trial Outcome Index -0.610 0.003 

NS-SEC Class at time of study 
participation 

FACT-Br Total score -0.522 0.015 

    
Big Five Inventory - Neuroticism EORTC QLQ-C30 Global health status -0.601 0.004 
Big Five Inventory - Neuroticism EORTC QLQ-C30 Physical Functioning scale -0.433 0.050a 
Big Five Inventory - Neuroticism EORTC QLQ-C30 Emotional Functioning scale -0.629 0.002 
Big Five Inventory - Neuroticism FACT-Br Physical Well-being scale -0.449 0.041 
Big Five Inventory - Neuroticism FACT-Br Emotional Well-being scale -0.698 <0.001 
Big Five Inventory - Neuroticism FACT-Br Functional Well-being scale -0.610 0.003 
Big Five Inventory - Neuroticism FACT-Br Brain cancer subscale -0.493 0.023 
Big Five Inventory - Neuroticism FACT-Br Trial Outcome Index -0.545 0.011 
Big Five Inventory - Neuroticism FACT-G Total score -0.678 0.001 
Big Five Inventory - Neuroticism FACT-Br Total score -0.620 0.003 
    
Big Five Inventory - Extroversion EORTC QLQ-C30 Physical Functioning scale 0.523 0.015 
Big Five Inventory - Extroversion EORTC QLQ-C30 Social Functioning scale 0.487 0.025 
Big Five Inventory - Extroversion FACT-Br Social/family Well-being scale 0.570 0.007 
Big Five Inventory - Extroversion FACT-G Total score 0.435 0.049 
    
Big Five Inventory - 
Conscientiousness 

FACT-Br Social/family Well-being scale 0.700 <0.001 

Big Five Inventory - 
Conscientiousness 

FACT-G Total score 0.545 0.011 

Big Five Inventory - 
Conscientiousness 

FACT-Br Total score 0.435 0.049 

    
Big Five Inventory - 
Agreeableness 

FACT-Br Functional Well-being scale 0.576 0.006 

Big Five Inventory - 
Agreeableness 

FACT-G Total score 0.464 0.034 

a Rounded figure. Actual p value=0.049739 

 

 

Scatter plot matrices were plotted for the above significant correlations to 

ensure that the correlations were not the result of outliers. Overall, this did 

not seem to be the case. 

 

The strength of the positive correlations ranged from 0.435 to 0.700, and that 

of the inverse correlations ranged from -0.433 to -0.698. The results 

presented in Table 4-41 indicate a number of trends. Scores in the Cognitive 

Composite 1 (but not Cognitive Composite 2) appeared to be positively 

correlated with a number of quality of life domains, including physical 

functioning and well-being, role functioning, social functioning, and also the 

FACT-Br Brain Cancer Subscale, the latter of which relates to symptoms and 

issues commonly experienced in patients with brain tumours. This indicates 
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that higher quality of life in these domains is associated with higher cognitive 

performance. Age was found to be inversely correlated with physical 

functioning, social functioning, the FACT-Br Brain Cancer Subscale, and 

Total score in the FACT-Br, all indicative of older age being associated with 

worse quality of life in these domains. It is perhaps unsurprising that 

performance (functional) status of the patient was inversely correlated with 

the domains of physical functioning, physical and functional well-being, the 

FACT-Br Brain Cancer subscale, and FACT-Br total scores (the latter 

representing the sum of the physical well-being, social well-being, emotional 

well-being, functional well-being and FACT-Br Brain Cancer subscale 

scores), given that the performance (functional) status assessment of the 

patient was graded on a scale where higher grading indicated more severe 

disability (in contrast to the quality-of-life measures, where higher scores 

indicate better quality of life).  

 

Also perhaps unsurprising is that NS-SEC Class of the participant at the time 

of study participation was inversely associated with some quality-of-life 

measures, including role functioning, cognitive functioning, physical well-

being, the FACT-Br Brain Cancer subscale, FACT-Br Trial Outcome Index 

(the sum of the physical well-being, functional well-being, and Brain Cancer 

subscales), and FACT-Br Total Score, so that a more advantaged 

socioeconomic class (indicated by a lower NS-SEC value) was associated 

with better quality of life. 

 

The final notable findings from these correlational analyses are the 

relationships between the quality-of-life measures and various personality 

traits in the Big Five Inventory. In particular, the trait of neuroticism was 

inversely correlated with almost all of the quality-of-life measures tested, 

such that higher levels of neuroticism were associated with worse quality of 

life. Extroversion was positively correlated with a number of quality-of-life 

measures, including physical functioning, social functioning, social/family 

well-being, and FACT-G total scores (a combination of physical, social, 

emotional, and functional well-being subscale scores). Thus, more 

extroverted personalities were more likely to report better quality of life. The 
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trait of conscientiousness was positively correlated with social/family well -

being, FACT-G total scores, and FACT-Br total scores, and agreeableness 

was positively correlated with functional well-being and FACT-G total scores. 

Particularly notable was the finding that FACT-G total scores were correlated 

only with personality traits (positively with extroversion, agreeableness, and 

conscientiousness, and inversely with neuroticism). 

 

Premorbid intelligence, as estimated through the NART, was not significantly 

associated with quality of life in the current study. Thus, on first glance of the 

study results, the association between cognition and quality of life appears to 

be related to current cognitive state (and specifically Cognitive Composite 1 

scores) rather than the previous level attained prior to the LGG diagnosis. 

However, these analyses in isolation did not exclude the possibility that 

quality of life in patients with LGG was related to the extent of the disparity 

between the premorbid and current cognitive status. The below box provides 

example case vignettes from the current study, which do not demonstrate 

evidence for such a disparity influencing quality of life in the study 

participants. To further evaluate this empirically, the variable NART-predicted 

premorbid IQ was standardised through z scoring (Cognitive Composite 1 

and 2 were already standardised through their creation during the principal 

component analysis) and two new ódisparity scoreô variables were generated 

for each participant representing the difference between premorbid and 

current intelligence/cognitive performance, as follows: 

 

Disparity score 1 = NART-predicted premorbid IQ - Cognitive Composite 1 

Disparity score 2 = NART-predicted premorbid IQ - Cognitive Composite 2 

 

These two disparity score variables were each tested in separate parametric 

correlation analyses with both emotional well-being measures used in the 

study (EORTC QLQ-C30 Emotional Well-being and FACT-Br Emotional 

Well-being). The results of these correlation analyses confirmed the lack of 

an association between emotional well-being and the disparity between 

estimated pre-morbid intelligence and current cognitive performance as 

evaluated through either Cognitive Composite 1 or 2.  
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Case vignettes: the relationship between quality of life and disparity 

between  NART-predicted premorbid IQ and current cognitive status  

Case X was a 72-year-old male with an estimated premorbid IQ of 98.06 
based on the NART Total Errors score, the lowest estimated premorbid IQ 

of the study population. He also had the lowest Cognitive Composite 1 
score of the cohort (-2.12) and the second-lowest Cognitive Composite 2 
score (-1.64) among the 21 participants. Thus, it can be theorised that 

there was relatively little disparity between his premorbid IQ and current 
cognitive status. 

 
Case Y was a 45-year-old male with an estimated pre-morbid IQ of 123, 
the second-highest of the study population. His Cognitive Composite 1 

score (0.54) placed him 6th out of the 21 study participants, while his 
Cognitive Composite 2 score (0.04) was average, placing him 12 th out of 

the 21 study participants. Thus, in relation to Case X, there was a larger 
disparity between pre-morbid IQ and current cognitive status.  
 

A selection of their quality-of-life questionnaire results are shown below. 
The below dataðwhile somewhat limited by not accounting for other 

potential influences on quality of life between the two individuals such as 
ageðdo not support the notion that quality of life is negatively influenced 
by the disparity between estimated premorbid IQ and current cognitive 

performance, as Case Yïwith a notable disparityïhad a self-reported 
quality-of-life higher than Case X in all but one domain (FACT-Br 

Social/family Well-being). 

 

 Quality -of-life measure: maximum possible score 
(median, range in current study population)  

Case X Case Y 

E
O

R
T

C
 

Q
L
Q

-C
3
0
 

Global health status / quality of  life: 100 (83.3, 25ï100) 66.7 75 

Physical Functioning: 100 (100, 46.7ï100) 46.7 93.3 

Role Functioning: 100 (100, 16.7ï100) 33.3 100 

Emotional Functioning: 100 (75, 16.7ï100) 41.7 75 

Cognitive Functioning: 100 (66.7, 0ï100) 33.3 66.7 

Social Functioning: 100 (83.3, 16.7ï100) 33.3 83.3 

F
A

C
T

-B
r 

FACT-Br Physical Well-being scale: 28 (24, 14ï28) 14 24 

FACT-Br Social/family Well-being scale: 28 (23.3, 12ï28) 20 18 

FACT-Br Emotional Well-being scale: 24 (19, 7ï24) 19 20 

FACT-Br Functional Well-being scale: 28 (21, 11ï28) 20 21 

FACT-Br Brain cancer subscale: 92 (69, 32ï88) 34 66 

FACT-Br Trial Outcome Index: 148 (115, 57ï143) 68 111 

FACT-G total score: 108 (83, 49ï107) 73 83 

FACT-Br total score: 200 (152, 81ï195) 107 149 
Higher scores are indicative of better quality of life.  
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4.10.6 Summary of the results 

This chapter describes a study that was performed to evaluate whether a 

number of different variables influence cognitive outcomes in patients with 

low grade gliomas, and to explore potential associations between these 

variables and quality of life. The data collected on 21 individuals meeting the 

inclusion and exclusion criteria of the study, although a much lower number 

of participants than initially anticipated and hoped for, has provided a number 

of notable findings addressing the primary and secondary objectives defined 

at the beginning of the chapter. These are described following a brief 

summary of the most pertinent aspects of the descriptive statistics. 

 

It was notable that a significant proportion of participants (40%) in NS-SEC 

Class 1 prior to the diagnosis of a glioma did not remain in the same 

socioeconomic class at the point of recruitment into the study, indicative of 

the effect of the brain tumour on that participantôs life. 

 

The cognitive test results were notable for the range of outcome scores at 

the group level. For example, all participants scored within normal limits in 

the MMSE, a global screening tool for cognition, and while some of the other, 

domain-specific cognitive tests administered found deficits across multiple 

cognitive domains, the majority of the cognitive test results indicated the 

performance among participants was at least in keeping with the average in 

normative, healthy samples. This could be explained by the results of the 

estimated premorbid intelligence derived from administration of the NART, 

which found that all participants had an estimated premorbid WAIS-IV IQ of 

average to superior (range: 98.1ï124.5), which may have offset some of the 

tumour-related effects on cognition (cognitive reserve), a point that is 

discussed in the next section of this chapter. 

 

The principal component analysis performed converted the results of seven 

cognitive tests into two discrete cognitive composite scores that, together, 

explained almost 60% of the variance in the cognitive test performance in the 

study participants. 
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These generated cognitive composites were used to address the primary 

objective of the study, which was to identify potential influences on cognition 

from a range of education, socioeconomic, demographic, and clinical factors. 

The only variables identified as significantly associated with cognitive 

outcomes were age and NART-predicted premorbid IQ, with increased age 

and decreased NART-predicted premorbid IQ associated with worse 

cognitive performance for Cognitive Composite 2, a measure of crystallised 

intelligence, in the correlational analyses. Age and NART-predicted 

premorbid IQ were both confirmed to be significant predictors of Cognitive 

Composite 2 scores in linear regression analysis, with a weak non-significant 

interaction effect between age and NART-predicted premorbid IQ. To 

contrast, there were no significant associations identified between Cognitive 

Composite 1, a measure of fluid intelligence, and other variables evaluated in 

this study. 

 

The secondary objectives of the study were to evaluate quality of life in the 

study participants and explore potential associations between quality of life 

and the other variables evaluated in the study. The quality-of-life descriptive 

data indicated most results were similar to that seen in the general 

population and the wider group of patients with cancer, with the exception of 

emotional well-being, which was reported as the most affected of all the 

domains evaluated alongside cognitive function. A number of associations 

were identified through correlation analyses between quality of life and other 

measures, most consistently showing higher quality of life to be associated 

with higher cognitive performance as assessed through Cognitive Composite 

1 scores (but not Cognitive Composite 2 scores, where no significant 

correlation with any quality-of-life measure was identified), younger age, 

better performance (functional) status of the patient, and more advantaged 

NS-SEC Class at the time of study participation. Correlations were also 

observed between the quality-of-life measures and various personality traits 

identified using the Big Five Inventory; for example, the trait of neuroticism 

was inversely correlated with almost all of the quality-of-life measures tested, 

indicating higher levels of neuroticism were associated with worse quality of 
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life. To contrast, higher levels of extroversion were associated with better 

quality of life. 

 

This chapter concludes with a more in-depth discussion of the findings of the 

study in the context of previous literature. 

 

 

4.11 Discussion 

4.11.1 Overview 

The study reported in this chapter evaluated the relationship between 

cognitive outcomes and a range of putative influences on cognition in a 

population of 21 patients with histopathologically confirmed low-grade glioma 

from a specialist tertiary neuroscience centre in London, evaluated at a 

median of 53 months (range: 22.5ï106.4 months) following diagnosis. The 

primary objective of the current study was to explore whether cognitive 

outcomes in patients with LGG, determined using a pre-defined battery of 

neuropsychological tests, are associated with  educational variables, 

socioeconomic factors, clinical factors, demographic variables, and 

estimated premorbid intelligence. The secondary objectives were to: 

evaluate the quality of life in patients with LGG; evaluate whether a 

relationship exists between quality of life and the other measures evaluated 

in this study; and ascertain whether personality type is associated with 

quality of life. 

 

Evaluating the results in context of the hypotheses stated in Section 4.3 of 

this chapter, it appears that: 

¶ education factors do not significantly contribute to variability in 

cognitive outcomes in patients with LGG  

¶ socioeconomic factors do not significantly contribute to variability in 

cognitive outcomes in patients with LGG  

¶ premorbid intelligence does significantly contribute to variability in 

cognitive outcomes in patients with LGG (for Cognitive Composite 2 

only, a measure of crystallised intelligence) 
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¶ one demographic factor (age) significantly contributes to the 

variability in cognitive outcomes in patients with LGG (for Cognitive 

Composite 2 only) 

¶ quality of life in patients with LGG is largely within normal limits based 

on normative data, with the exception of self-reported emotional well-

being and cognitive function, although there is a significant 

relationship between the level of quality of life and the degree of 

cognitive impairment (for Cognitive Composite 1 only) 

¶ quality of life is significantly associated with a number of clinical 

measures and personality type in patients with LGG  

 

The remainder of this chapter is focused on discussing these findings and 

their potential aetiology, along with contextualising them in relation to the 

prior literature. The findings are discussed according to the primary and 

secondary objectives of the study as specified in Section 4.2, above, and 

presented again below.  

 

 

4.11.2 Descriptive data 

4.11.2.1 Demographics of the study population  

The participants in this study comprised of 11 males and 10 females with a 

mean age of 47 (SD 9.6) years. These characteristics are similar to those of 

a national population-based study of glioma in Denmark, that found the mean 

age of participants with WHO grade II gliomas to be 46 years, and a slight 

male preponderance (54%) (Rasmussen et al., 2017). Thus, this reinforces 

the notion that the study population of the current study can be considered 

representative of the LGG population from a demographic perspective, 

despite the small sample size. 

 

 

4.11.2.2 Clinical and treatment information 

The majority of participants had a good performance (functional) status, with 

over three-quarters (76.2%) self-reportedly fully active and able to carry on at 



 

 255 

a pre-disease performance level without restriction (ECOG Performance 

Status grade 0). A further 14.3% were restricted in physically strenuous 

activity but otherwise ambulatory and able to conduct work of a light or 

sedentary nature (ECOG Performance Status grade 1). These figures 

indicate a slightly better performance (functional) status in comparison to that 

seen in WHO grade II glioma population of the above-mentioned Danish 

registry (Rasmussen et al., 2017). This is likely due to the fact that the study 

population described in this chapter volunteered to take part in the study and 

were likely only to do so if they had a good performance (functional) status, 

reflecting a recruitment/selection bias of the current study (discussed in the 

limitations section later in this chapter); the Danish study was based on 

national registry data not requiring active participation and thus not subject to 

the same bias. Nevertheless, the proportions of participants in each ECOG 

Performance Class are sufficiently similar to that of the Danish registry to be 

considered representative of the LGG population. 

 

Regarding the specific tumour type, most participants (71.4%) had a LGG of 

the oligodendrocyte lineageðcharacterised by the presence of the 1p19q 

codeletionðand the remainder of an astrocytic lineage. This is in stark 

contrast to the epidemiology reported in the literature, as astrocytic gliomas 

are approximately three times commoner than oligodendroglial gliomas (Lin 

et al., 2021) and, thus, in the current study the relative proportions are 

approximately reversed. This is likely due to the fact that tumours with 

oligodendroglial lineage have a more favourable prognosis than those of 

astrocytic lineage (Sharma & Graber, 2021), and it is therefore more likely 

that there was a higher proportion of potential participants from the 

oligodendroglial group alive and well to participate in the study. 

 

The majority of participants (76.2%) received anti-epileptic drugs at the time 

of study participation, which is in keeping with the clinical setting. This is 

important because, as discussed in Chapter 2, both seizures and anti-

epileptic medications can influence cognitive outcomes, although no 

relationship between cognitive outcomes and anti-epileptic medication use 

was identified in the current study. On a related point, the high proportion of 
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participants with a history of seizures at the time of diagnosis (71.4%) is 

likely due to the high proportion of oligendroglial-lineage LGGs in the current 

study, as this tumour type is particularly associated with the development of 

seizures (Schiff, 2015). 

 

Regarding the treatment received by participants, most (71.4%) underwent 

one surgical procedure; the remainder underwent a second surgical 

procedure, usually to attempt additional tumour resection after a median of 

30 months (range 1.7ï49.3). A range of surgical techniques were chosen, 

including the use or not of intraoperative MRI and awake or asleep 

craniotomy, and this variation reflects clinical practice and the myriad 

influencing factors on surgical approaches chosen, such as surgeon and 

patient preferences, tumour location and size, and comorbidities, among 

others. Less than half of participants had received chemotherapy (28.6%) or 

radiotherapy (38.1%) at the point of study participation, which is expected 

given the tumour grade, as higher proportions would be expected in patients 

with WHO grade III and IV gliomas (not included in this study). 

 

 

4.11.2.3 Socioeconomic background of the study population 

A striking finding from the socioeconomic classification results was that the 

majority (71.4%) of participants were in NS-SEC Class 1 based on their 

occupation prior to the tumour diagnosis, and chi-squared analysis confirmed 

that the proportion of NS-SEC Class 1 participants in the study cohort was 

significantly higher than that expected based upon the 2011 Census data for 

the London region. However, in the context of prior LGG literature, this is not 

particularly unexpected, as an increased incidence of LGG in those with 

higher socioeconomic status has been noted in a number of previous studies 

(Cote et al., 2019; Inskip et al., 2003). A commonly mooted potential reason 

for such an association among medical conditions is ascertainment bias 

related to socioeconomic status; however, the role of such bias in the 

incidence of LGG is somewhat difficult to justify given that no comprehensive 

screening programs operate for this tumour type and, by their very nature, 
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LGGs tend to present acutely (for example, with seizures) without preceding 

symptoms. One would therefore not necessarily anticipate that better access 

to healthcare resources would affect the reported incidence of LGG, although 

it certainly could influence the subsequent outcomes. It is not clear what 

drives this relationship and this is an area that requires further study. 

Although it could be possible to hypothesise that the increased incidence of 

LGGs and higher socioeconomic status is the result of more 

socioeconomically advantaged individuals developing the more benign types 

of glioma (i.e., LGG and not high-grade gliomas [HGGs]), this theory does 

not hold because there is evidence from multiple studies that the relationship 

between increased glioma incidence and higher socioeconomic status is 

observed in both LGG and HGG, including WHO grade IV glioblastoma 

(Cote et al., 2019; Gorenflo et al., 2023; Plascak & Fisher, 2013; Porter et al., 

2015; Sharifian et al., 2024). 

 

It is possible that the high proportion of NS-SEC Class 1 parents among the 

study participants (66.7% of fathers; 33.3% of mothers, the highest 

proportion of all NS-SEC classes observed in mothers) is of relevance either 

through direct genetic effects or a genetic ónurturingô effect (Meyer et al., 

2023). To further support the relative advantage of the participants early 

environment, it was noted in the analyses that half of the study participants 

grew up in the 30% least deprived neighbourhoods in England and none in 

the 10% most deprived neighbourhoods overall. Although there are 

limitations to the use of both NS-SEC and IMD data, together they support 

the notion that the study population were overall from relatively advantaged 

backgrounds. 

 

Equally striking was the finding that a large proportion of participants (40%) 

in NS-SEC Class 1 prior to the diagnosis of a glioma did not remain in the 

same socioeconomic class at the point of recruitment into the study, 

indicative of the effect of the brain tumour on that participantôs life. The 

adverse socioeconomic effects associated with the diagnosis and treatment 

of gliomas have been well-documented in the literature, particularly for 

survivors of paediatric low-grade gliomas (Ris et al., 2019). 
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4.11.2.4 Cognitive profile of the study population 

The cognitive test results were notable for the range of outcome scores at 

the group level. All participants scored within normal limits in the MMSE, a 

global screening tool for cognition, and the majority of the cognitive test 

results indicated the performance among participants was at least in keeping 

with the average in normative, healthy samples. However, on closer 

inspection of the results, deficits were identified in some of the domain-

specific cognitive tests administered. The notable example is the Hopkins 

Verbal Learning Test-Revised results, which indicated low-to-average 

performance across the cohort. Age and education have been reported as 

the biggest influences on scores in this test (Brandt & Benedict, 2001), but 

given the relatively young age and high levels of education in the current 

study population, these factors do not explain the relatively impaired 

performance in this specific test. One possible explanation is that the impact 

of the stress of laying new memories (though the delayed recall component 

of the HVLT-R) was too much for participants, stressing their cognitive load 

particularly given their likely reduced cognitive reserve due to the influence of 

the tumour and associated treatments. Tumour location is unlikely to have 

had an influence given the universality of the poor performance in this test 

across the cohort. Furthermore, fatigue is unlikely to have preferentially 

affected the HVLT-R data, as it was the second cognitive test to be 

administered. 

 

The unremarkable scores in the MMSE partially reflect a relatively cognitively 

preserved study population but also reflect the inability of screening 

tools/global measures of cognition such as the MMSE to detect all instances 

of cognitive impairment, as has been demonstrated in previous literature 

(Racine et al., 2015). A notable finding was the higher overall performance in 

the COWAT relative to a normative sample, particularly striking given that the 

scoring method used corrected for years of education and thus should have 

mitigated against the relatively high education levels seen in the current 
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study population; it is perhaps possible that the óadjustmentô made through 

this scoring method did not adjust sufficiently. 

 

 

4.11.2.5 Estimated premorbid intelligence in the study population 

The lack of significant impairment in overall cognition relative to normative 

data that was observed in the study participants could be at least partially 

explained by the results of the estimated premorbid intelligence derived from 

administration of the NART, which found that all participants had an 

estimated WAIS-IV IQ of average to superior (range: 98.1ï124.5). This 

would indicate a relatively high level of premorbid intelligence and thus 

cognitive reserve among participants, which may have offset some of the 

tumour-related effects on cognition. Use of the NART to estimate IQ is 

limited when scores deviate significantly from the mean, as it tends to lead to 

under-estimation of scores in those with a high IQ and over-estimation of 

scores in those with a low IQ (Graves, 2000; Veiel & Koopman, 2001), 

although based on the NART scores observed this should not have been an 

issue in the current study. 

 

 

4.11.2.6 Quality of life in the study population 

The quality-of-life descriptive data were obtained through the use of two well-

validated measures, the EORTC QLQ-C30/BN20 and FACT-Br. The results 

of the EORTC QLQ-C30 can be interpreted with reference to the reference 

values provided by the EORTC (Scott et al., 2008), obtained from a sample 

of 280 individuals with brain cancer (although the tumour type was not 

specified, a limitation of these data). Compared to these EORTC reference 

data, the current study population had higher global health status (median 

83.3 vs 58.3) and functioning subscales, as well as lower symptom scales, 

with the exception of insomnia (33.3 vs 21.7).  

 

The FACT-Br results indicated that quality of life in the study participants was 

similar to that seen in the general population and the wider group of patients 
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with cancer, with the exception of emotional well-being, which appeared to 

be most affected of all the domains evaluated (Brucker et al., 2005). 

 

A systematic review that included 29 papers reporting on 22 studies 

evaluating quality of life in patients with LGG through the same tools used in 

this study as well as others (Rimmer et al., 2023) found global quality of life 

to be impaired in 13 of 14 studies where it was evaluated, interpreted as 

EORTC QLQ-C30 scores of 61.9ï74 relative to non-cancer controls. It was 

noted in the study that these values were significantly higher than those 

observed in patients with HGGs, but they were lower than the median score 

of 83.3 in the current study population. In the systematic review, among 

functioning aspects of quality of life, worse scores were identified in cognitive 

functioning, emotional functioning, physical functioning, health perception, 

and vitality (Rimmer et al., 2023); this is in contrast to the current study, 

where emotional and cognitive functioning were the most affected domains. 

In terms of quality of life-related symptoms, the highest reported symptom 

burdens in the systematic review included fatigue, communication deficits, 

future uncertainty, headaches, financial difficulties, drowsiness, insomnia, 

pain, and motor dysfunction (Rimmer et al., 2023). Although, due to the 

nature of the reporting, it was not possible to directly compare symptom 

levels between the systematic review and the current study, the symptoms 

that were the highest burden for patients in the current study included 

insomnia, fatigue, communication deficits, drowsiness, headaches, feelings 

regarding future uncertainty, and financial difficulties. This serves as 

evidence of the wide-ranging impact of LGG on patients. 

 

 

4.11.3 Primary objective 

Of all the variables evaluated through assessment of the studyôs primary 

objective, only two were identified as relevant to cognitive outcomes: age 

and NART-predicted premorbid IQ. Specifically, increased age and 

decreased NART-predicted premorbid IQ were found to be associated with 

worse cognitive performance in Cognitive Composite 2, a measure of 
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crystallised intelligence, in the correlational analyses. Age and NART-

predicted premorbid IQ were both confirmed to be significant predictors of 

Cognitive Composite 2 scores in linear regression analysis. To contrast, 

there were no significant associations identified between Cognitive 

Composite 1, a measure of fluid intelligence, and other variables evaluated 

as part of the primary objective, although the correlation between Cognitive 

Composite 1 and age had a medium effect size (parametric correlation=-

0.322, p=0.155) with a relationship that is plausible (older age associated 

with worse fluid intelligence). Consideration to the other negative findings of 

the current study is given in Section 4.11.5, below. 

 

NART-predicted premorbid IQ is considered a proxy measure of cognitive 

reserve and has been positively associated with cognitive outcomes in some 

(Campanella et al., 2021; Giovagnoli et al., 2007) but not all (MacPherson et 

al., 2017) previous studies. Cognitive Composite 2 is a measure of 

crystallised intelligence, so it is unsurprising that it was found to be positively 

associated with a measure of premorbid intelligence. Given that crystallised 

intelligence is a reflection of learned knowledge, peaking at around the 

seventh decade of life before declining (T. Salthouse, 2012), and the median 

age of study participants was 46 years (range: 31ï72 years), one would 

expect the Cognitive Composite 2 scores to be positively associated with age 

in the current study, so that older participants had higher Cognitive 

Composite 2 scores. However, this was not the case and it appeared that 

increasing age was instead associated with worse Cognitive Composite 2 

scores. One possible explanation for this is that the LGG and associated 

treatments could have rendered the study participants more susceptible to 

the effects of increasing age, although there is little in the way of prior 

empirical evidence in patients with LGG to support this assertion. Indeed, the 

prior literature regarding the influence of age on cognitive outcomes in brain 

tumour patients is conflicting with some studies suggesting an influence 

(Giovagnoli et al., 2007; Kaleita et al., 2004; MacPherson et al., 2017, 2020) 

and others not (Allen et al., 2020; Brown et al., 2003; Laack et al., 2005). 
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4.11.4 Secondary objectives 

The secondary objectives of the study were three-fold: to evaluate the quality 

of life in patients with LGG, to evaluate whether a relationship exists between 

quality of life and the other measures evaluated in this study, and to 

ascertain whether personality type is associated with quality of life. The 

quality of life in patients with LGG was already discussed in the descriptive 

data section 4.11.2.6, above. Therefore, only the two other secondary 

objectives are discussed here. 

 

 

4.11.4.1 Relationships between quality of life and other measures 

A number of associations were identified through correlation analyses 

between quality of life and other measures, most consistently showing higher 

quality of life to be associated with higher cognitive performance as 

assessed through Cognitive Composite 1 scores (but not Cognitive 

Composite 2 scores, where no significant correlation with any quality-of-life 

measure was identified), younger age, better performance (functional) status 

of the patient, and higher NS-SEC Class at the time of study participation. It 

is unclear why quality of life would be associated with Cognitive Composite 1 

but not Cognitive Composite 2 scores. However, it has been shown in data 

from the Lothian Birth Cohort 1936 study that depressive symptoms, a 

predictor of quality of life, and fluid intelligence (which, in the current study, 

was evaluated through Cognitive Composite 1) both worsen with age 

(Aichele et al., 2018), which may explain the existence of a relationship 

between quality of life, age, and Cognitive Composite 1 scores. The 

relationship between higher quality of life and younger age in patients with 

LGG has been documented previously (Mahalakshmi & Vanisree, 2015), but 

in a systematic review on quality of life in patients with LGG, age was shown 

in most identified studies to not influence health-related quality of life 

(Rimmer et al., 2023).  

 

Premorbid intelligence, as estimated through the NART, was not significantly 

associated with quality of life in the current study, and an exploration of case 
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vignettes from the study, reported in Section 4.10.5.2, did not identify an 

influence of disparity between the premorbid and current cognitive status on 

quality of life. Another avenue of exploration was the existence of an 

interaction effect between premorbid IQ and current cognitive status. There 

is evidence from a study of 73 patients with primary brain tumours to support 

a relationship between estimated premorbid IQ, global neuropsychological 

status, and emotional well-being as evaluated using the FACT questionnaire; 

the relationship identified was such that, in individuals with low global 

neuropsychological function, those with high average estimated premorbid 

IQ reported higher well-being compared to those with low-average to 

average estimated premorbid IQ (Ownsworth et al., 2014). In those with 

higher global neuropsychological function, greater functional well-being was 

observed irrespective of the estimated premorbid IQ. This indicates that 

higher premorbid cognitive function buffers the effect of cognitive impairment 

on emotional well-being in patients with brain tumours, and supports the 

notion of cognitive reserve mitigating the impact of brain injury (in this case, 

due to a brain tumour) on cognitive function. The same analysis was 

performed using data from the current study (data not shown) but these 

analyses failed to identify the presence of an interaction effect between 

Cognitive Composite 1 or 2 and NART-estimated IQ in linear regression 

models with emotional well-being from the FACT-Br survey as the dependent 

variable. 

 

 

4.11.4.2 Personality type and the association with quality of life 

Personality traits were explored in relation to quality of life in the current 

study because there is some evidence that individualsô responses to 

adversity are influenced by their life outlook, which is related to personality 

type (Carver & Connor-Smith, 2010). There is an ever-increasing body of 

literature evaluating the associations and overlaps between coping ability, 

resilience, and quality of life (Brinkhof et al., 2021). As a typically self-

reported measure, quality of life inherently has an element of subjectivity and 

complexity, under the influence of the individualôs perception, to the extent 
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that the official World Health Organization defines quality of life as: ñéan 

individual's perception of their position in life in the context of the culture and 

value systems in which they live and in relation to their goals, expectations, 

standards and concernsò (The WHOQOL Group, 1995). In the current study, 

it was postulated that differences in personality traits could be associated 

with self-reported quality of life in individuals diagnosed with LGG (which, 

alongside the associated treatments for LGG, can be considered an óadverse 

eventô).  

 

Accordingly, correlations were observed between the quality-of-life measures 

and various personality traits identified using the Big Five Inventory. The trait 

of neuroticism was inversely correlated with almost all of the quality-of-life 

measures tested, indicating higher levels of neuroticism are associated with 

worse quality of life. To contrast, higher levels of extroversion were 

associated with better quality of life. There is scarce literature that has 

evaluated personality traits specifically in patients with low-grade glioma. 

One study of 178 patients with various brain tumours (but only 8% with LGG) 

that evaluated personality using the Ten Item Personality Inventory, which 

was based on the BFI, found emotional stability and openness to be 

protective against perioperative depressive/anxiety symptoms (Bunevicius, 

2018). This is in keeping with literature that has shown that lower openness 

and higher levels of neuroticism are associated with depressive and anxiety 

disorders (Koorevaar et al., 2013; Kotov et al., 2010). The study also found 

that higher levels of extraversion were associated with improved cognitive 

function in patients independently of demographic and clinical risk factors 

(Bunevicius, 2018). 

 

There is a wider body of literature that has evaluated quality of life and its 

association with personality traits in a number of different populations. For 

example, as in the current study findings, neuroticism has been shown to be 

negatively correlated with quality of life in patients with glaucoma (Warrian et 

al., 2009) and chronic kidney disease (Ibrahim et al., 2015; Poppe et al., 

2013). Extraversion, on the other hand, has been positively correlated with 

quality life in the general population (Goodwin & Engstrom, 2002), psychiatric 
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outpatients (Masthoff et al., 2007), and patients with chronic kidney disease 

(Ibrahim et al., 2015; Poppe et al., 2013); but it has also been shown to be 

negatively correlated with quality of life in patients with glaucoma (Warrian et 

al., 2009). Acceptance of the disease state was shown to mediate 37% of the 

effect of neuroticism on quality of life in one of the studies of patients with 

chronic kidney disease (Poppe et al., 2013); acceptance of the brain tumour 

was not evaluated in the current study. 

 

The Big Five Inventory was chosen for use in the current study as it is a 

common test administered for evaluation of personality traits in the research 

setting. However, it does not represent a comprehensive assessment of 

personality traits. For example, optimism as a personality trait has been 

shown to correlate with lower mortality risk in many settings, as shown by a 

meta-analysis of 13 studies including 184,147 participants from the general 

population as well as from specific disease groups including cancer (Craig et 

al., 2021). However, data on optimism were not collected in the current study 

as it is not a component of the Big Five Inventory, and there is no prior work 

that has evaluated the effect of optimism on survival specifically in LGG. 

Future work should address this. 

 

 

4.11.5 Negative study findings and medium effect sizes 

It is important to also give consideration to the negative findings relating to 

the primary objective. The lack of an association between cognitive 

outcomes and measures of educational attainment (including years of 

education and degree-holding status), sex, performance (functional) status, 

tumour location, and chemotherapy have also been demonstrated in some 

(but not all) previous studies, as shown in Chapter 2. Given the small sample 

size of the current study, a note was made of correlational analyses that had 

medium effect sizes but were non-significant, as it was possible that these 

correlations could have been significant in the presence of a larger sample 

size; these correlations are shown in Appendix 11, which covers correlations 

evaluated for the primary and secondary objectives of the current study.  
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As can be seen from the table in the appendix, a reasonable number of 

paired variables had medium effect sizes. Quite notable is the large number 

of quality-of-life measures that had correlations of medium effect sizes with a 

range of variables; this includes time since chemotherapy and radiotherapy 

treatment in an inverse manner, meaning that quality of life was higher in 

those who had received these oncological treatments more recently. This 

could be indicative of a progressive deterioration in quality of life over time 

following these treatments, which contradicts the majority of literature 

evaluating the time course of quality of life in LGG indicating stability or even 

improvement in quality of life over time (Rimmer et al., 2023). However, most 

of these studies evaluated quality of life over a shorter follow-up period than 

the current study; in a study that evaluated quality of life between a mean of 

6 and 12 years following diagnosis and initial treatment, significant 

deteriorations in physical functioning scales were identified (Boele et al., 

2015). Given the importance of quality of life to patients with brain tumours, 

these findings are worthy of exploration in a future study. 

 

Perhaps the more surprising results from the current study are the lack of 

association between cognitive outcomes and both radiotherapy 

administration and anti-epileptic drug use, relationships that have more often 

than not been identified in the prior literature. Regarding anti-epileptic drugs, 

although a number of studies have identified an association with their use 

and cognitive dysfunction (Campanella et al., 2017; Correa et al., 2006; 

Drane & Meador, 2002; Klein et al., 2001, 2002; Vogt et al., 2018; Yavas et 

al., 2012), use of relatively newer anti-epileptic drugs such as those taken by 

the participants of the current study, including levetiracetam and lamotrigine, 

is associated with a lower risk of cognitive dysfunction relative to use of older 

anti-epileptic drugs such as phenytoin (Eddy et al., 2011). The lack of a 

relationship between the measures of educational attainment and cognitive 

performance in the current study is particularly interesting, given that a 

number of large GWASs have used years of education as a proxy measure 

of cognitive performance, as noted in Section 1.4.1. 
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Fluid intelligence, evaluated through Cognitive Composite 1 in the current 

study, peaks and begins to decline much earlier than crystallised intelligence, 

within the third decade of life (T. Salthouse, 2012). Regarding the lack of any 

significant associations for Cognitive Composite 1 in evaluation of the 

primary study objective, it is possible that fluid intelligence is associated with 

measures that were not evaluated in the current study, or the sample size 

was not sufficient to detect the influence of variables that were evaluated in 

the current study. As shown in Appendix 11, there were several variables 

with medium effect size correlations with Cognitive Composite 1 scores, 

including age (an inverse correlation), socioeconomic class at the time of 

study participation (also an inverse correlation), and IMD decile (a positive 

correlation). A larger study should evaluate these putative relationships in 

further detail.  

 

 

4.11.6 Limitations of the study 

There are a number of limitations to the current study. First, despite best 

efforts in recruitment there were only 21 participants with data available for 

analysis in the study, despite 186 potential participants being identified and 

contacted based on the study inclusion and exclusion criteria. Low response 

rates can result in a study sample not being representative of the wider 

population. Recruitment challenges are well-recognised within the field of 

neuro-oncology, but particularly for malignant or higher-grade tumours (E. Q. 

Lee et al., 2019). Responses were received from 4.3% of the 186 potential 

study participants contacted, or their next of kin, to indicate various reasons 

for non-participation in the study, including disease progression and death. 

This reflects the ófragilityô of the study population and goes some way to 

justify why the response rate to the study was low. It is entirely possible that 

a sizeable number of the non-responders were also unwell, or also receiving 

active treatment, or had died. On a related point, as a possible explanation 

for the low response rate it was possible that some of the contact details for 

potential participants listed on the hospitalôs computer systems were 

inaccurate or out of date. 
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Second, the study was likely subject to selection/recruitment bias as, due to 

the nature of the study, requiring travel to hospital and completion of 

questionnaires and testing for more than one hour in total, it is likely that 

patients with worse physical and mental health would be less likely to 

participate in the study. To support this hypothesis, it has been shown that 

the inclusion of extensive neuropsychological assessments in studies of 

brain tumour populations can lead to a statistically significant and clinically 

relevant source of selection bias (R. Olson et al., 2010). 

 

Third, the study is limited by the fact that the cognitive assessment was 

performed at a single point in time. Longitudinal assessments would have 

facilitated an analysis of changes over time, particularly given the repeated 

demonstration of changes in cognitive function over time in patients with 

LGG, as shown in Chapter 2. An evaluation of baseline cognition would have 

been of particular value, as it would have demonstrated the influence of 

treatments on cognition and also the recovery trajectory following such 

treatments. 

 

Fourth, some of the data collection, the clinical and treatment data in 

particular, were collected retrospectively. This increased the risk of missing 

or inaccurate data in the study. Indeed, one of the excluded participants had 

their tumour type misclassified within the database used to identify 

participants, which raised the possibility that potential study participants 

could have been ómissedô if their LGG tumour was misclassified as another 

tumour type in the database. 

 

Fifth, a number of the measures are limited by the lack of standardised and 

widely accepted thresholds for ónormalô and ópathologicalô. This issue has 

been recognised in the literature, particularly in relation to the quality of life 

assessment tools (Rimmer et al., 2023). Complicating this issue is the often 

highly personalised and individual experience and circumstances of a patient 

with LGG. 

 



 

 269 

Sixth, data were obtained from a single neurosciences centre, and thus the 

applicability of the findings of this study to participants from other centres 

with potentially different genetic and environmental make-ups is unclear, 

supporting the need for further study across multiple centres. 

 

Seventh, due to the time period of data collection employed, the most recent 

World Health Organization (WHO) diagnostic classification was not used 

during the histopathological analysis of samples. Such is the rapidly 

advancing nature of the field, the WHO genetic and molecular classification 

of brain tumours has changed twice since the classification used in the 

current study. Although tumours were not retrospectively reclassified per the 

latest guidelines, this is acceptable because 1p19q codeletion status was 

available alongside other molecular markers to confirm how these patients 

would be classified using the more recent WHO classification. However, as 

noted by Eckel-Passow et al., the three main adult diffuse glioma entities 

(which are the categories of tumour in the majority of the subjects of this 

study) have not markedly changed between the 2016 and 2021 WHO 

classifications (Eckel-Passow et al., 2022). 

 

Eighth, generation of Indices of Multiple Deprivation scores relies on the 

provision of accurate postcodes and is only possible for those who spent 

their childhood in the UK. To this end, there were seven participants who 

either did not grow up in the UK or did not provide a full postcode to facilitate 

acquisition of IMD scores. Furthermore, some postcodes crossed over lower 

super output area (LSOA) boundaries, the latter being geographical areas 

defined by the Office for National Statistics, who set boundaries for LSOAs 

and allocate every postcode to one LSOA only, which is the one which 

contains the majority of residents in that postcode area (as at the 2011 

Census). Due to this classification system, there was a chance that, if a 

postcode overlapped LSOA boundaries and was allocated to an incorrect 

LSOA, the IMD results obtained may not have accurately represented the 

relative deprivation experienced by a participant. 
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Ninth, follow-up periods for several of the measures including time since 

diagnosis and since surgery/chemotherapy/radiotherapy varied across the 

cohort, as participants were not all assessed at a fixed point in the course of 

their disease. This made the cohort more heterogeneous, which would have 

been more advantageous in a study with a much larger sample size, as it 

would have allowed more robust analyses of the time variables mentioned 

above. 

 

Finally, the use of cognitive composite measures, although helpful in 

reducing the number of dependent variables in a study with a small sample 

size such as the current study, did reduce some of the richness of the data. 

 

 

4.11.7 Conclusion 

This chapter described a study performed in 21 individuals with 

histopathologically confirmed LGGs that aimed to explore the relationship 

between cognitive outcomes and a range of putative influences on cognition, 

and also as a secondary objective to describe quality of life in these patients 

and its association with other variables including cognition and personality 

type.  

 

From the variables described in this chapter, only two were associated with 

cognitive performance: age and premorbid intelligence (the latter estimated 

via NART Total Errors score). The lack of positive findings for the other 

variables could have been due a number of reasons. First, there is the 

possibility of insufficient statistical power, which is entirely plausible given the 

small sample size of the current study. In the presence of low statistical 

power, it is not possible to be able to confidently exclude the presence of 

significant relationships between cognitive performance and the evaluated 

measures. In particular, the non-significant associations with medium effect 

size noted in Appendix 11 for (i) Cognitive Composite 1 and age as well as 

socioeconomic variables, and (ii) Cognitive Composite 2 and socioeconomic 

variables are in a direction that is logical and worthy of fu rther study in a 
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larger sample. Second, it is also possible that the measures used in the 

study, including the generated cognitive composites, were simply insensitive 

or ineffective at measuring what they were intended to measure. Third, there 

may also have existed stochastic óunmeasurableô variables that influenced 

the results. Fourth, the lack of associations may have been true findings as 

the tested relationships may not exist, which is entirely possible particularly 

given the many negative findings identified in the systematic review 

presented in Chapter 2. There were some factors which I had expected to 

demonstrate a relationship with cognitive performance but did not, 

particularly the education and socioeconomic factors. A relationship between 

years of education and NART-predicted premorbid IQ was also anticipated, 

but did not materialise.  

 

Although only two variables were identified as predictors of cognitive 

outcomes in the current chapter, the story is not complete because not all of 

the investigations performed in this study population have been reported in 

this chapter. As noted earlier, the subjects in the current study also 

underwent imaging and genetic analyses. The next chapter describes the 

imaging performed in these subjects, and Chapter 6 describes the genetic 

analyses performed. 
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5 Chapter 5: Associations between imaging-derived 

variables and cognitive outcomes as well as other 

variables in patients with low-grade glioma 

5.1 Overview 

Advances in imaging acquisition and analysis techniques have facilitated the 

study of brain structure and its association with a range of traits as well as 

disease states. Cognitive function and intelligence have been extensively 

studied through imaging in health and disease, offering a unique window to 

visualise changes or variations that occur within the brain in response to 

internal and external influences, the latter including changes resulting from 

surgery or other treatments for brain lesions. 

 

Through the analysis of routine clinical imaging performed in the same study 

population described in Chapter 4, we now look at imaging measures of 

brain reserve and lesion burden (the latter being a measure that incorporates 

tumour volume and changes in the surrounding brain tissue) and how they 

could be associated with the cognitive, educational, socioeconomic, clinical, 

and demographic variables, as well as estimated premorbid intelligence, 

introduced in Chapter 4. A number of significant results will be presented, but 

it will also be shown that neither the derived measure of brain reserve, nor 

tumour location, are associated with cognitive performance in the current 

study population. 

 

Before exploring this data in more detail, let us first review the literature on 

brain structure and volume in healthy ageing, associations between imaging 

findings and cognition as well as socioeconomic status, and the imaging 

literature specific to cognition in low-grade glioma. A large portion of the 

literature on these topics derives from studies in children, and although the 

research described in this thesis was performed in adults, this literature is 

discussed as it remains relevant for a general understanding of the field.  

 

 



 

 273 

5.2 Background 

5.2.1 Brain structure changes over time in healthy individuals 

It is widely recognised that brain structure and volume change over the 

human lifespan in healthy individuals, as demonstrated by multiple 

longitudinal magnetic resonance imaging (MRI) studies (Hedman et al., 

2012). The influences on this are likely to be genetic, environmental, and an 

interplay of the two. Furthermore, inter-individual changes in brain 

development have been demonstrated and found to be associated with 

general cognitive function (Ramsden et al., 2011; Schnack et al., 2015). 

Indeed, there is overlap with the genetic factors associated with brain 

development and ageing and those associated with cognition (Brouwer et al., 

2014). In a recent genome-wide association meta-analysis of brain 

morphology changes across the lifespan using imaging data from 15,640 

individuals, age-dependent and age-independent genetic effects on rates of 

structural brain changes were identified (Brouwer et al., 2022); the 

implication is thus that while variation in brain structure is under the influence 

of some genes that exert their influence across the lifespan, in early brain 

development as for ageing, variation in brain structure is also influenced by 

genes that are age-dependent and thus exert influences during specific 

periods of the lifespan, such as those involved specifically in ageing. The 

three most consistently identified genesðApoE, DACH1, and GPR139ðare 

involved in metabolic processes, and a major finding from the study was the 

association between the presence of an ApoE variant and the rate of change 

in amygdala and hippocampus volumes that varied across the lifespan  

(resulting in faster increases in amygdala volume in childhood and faster 

volume reductions for amygdala and hippocampi in later life), and seemingly 

most marked effects in individuals with brain disorders (Brouwer et al., 2022). 

The role of genetics in the context of cognition in patients with low-grade 

glioma (LGG) is discussed further in the next chapter of this thesis. However, 

it is apparent from gene-imaging studies of healthy populations that the 

relationship between polygenic indices for intelligence and measures of 

general intelligence are partially mediated by cortical structure (Lett et al., 

2020).  
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As noted above, environment is likely to play a significant and dynamic role 

in determining brain structure, and socioeconomic status has been a 

particular focus of research addressing this. 

 

 

5.2.2 Relationship between socioeconomic status and brain structure 

There is increasing evidence to support the presence of a relationship 

between brain structure and socioeconomic status. In a study of over 1,000 

typically developing children and adolescents that controlled for genetic 

ancestry, income was found to be logarithmically associated with brain 

surface area, with small differences in income among individuals from lower-

income families found to result in relatively large differences in surface area 

compared to children from higher-income families (Noble et al., 2015). These 

differences were most marked in areas that support language, reading, 

executive function, and spatial skills, and surface area was found to mediate 

socioeconomic differences in certain neurocognitive abilities. Thus, these 

data indicate that the relationship between income and brain structure is 

strongest among the most disadvantaged children. Parental education was 

also found to be significantly associated with brain surface area independent 

of age, gender, and genetic ancestry. In a separate study of 288 adolescents 

and young adults, early life economic disadvantage before the age of 12 was 

found to be associated with slower myelin growth, which was partially 

accounted for by parental education; notably, positive parenting moderated 

the effect of socioeconomic disadvantage in a protective manner (Ziegler et 

al., 2020). 

 

The above findings underline the dynamic nature of brain structure in health 

and disease, but how does this relate to cognition? 
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5.2.3 Relationship between brain structure and cognition 

Understanding how the brainôs structure and development influences 

cognition in health is important for understanding what happens in disease. 

Over the lifespan of healthy humans, different anatomical areas within the 

brain experience varying trajectories of change over time. For example, the 

hippocampus and amygdala, involved in memory and thus cognition, 

experience increases in volume with age followed by stabilisation  around the 

age of 40 years and subsequent decrease (Brouwer et al., 2022). In 

childhood, intelligence has been shown to be related not only to absolute 

cortical thickness but also the trajectory of changes in cortical thickness over 

time (P. Shaw et al., 2006). Similarly, the trajectory of myelin development in 

the white matter during the first five years of life has been shown to be 

correlated with cognitive abilities, even when controlling for socioeconomic 

status, gestation, and birth weight (Deoni et al., 2016); in the study, children 

with higher general cognitive abilities had slower but more protracted early 

myelin development, that resulting in increased measures of myelin overall 

by approximately three years of age. A study encompassing 504 healthy 

children and adults between 9ï60 years also found that intelligence is 

related more to the magnitude and timing of changes in brain structure 

during development than to brain structure per se (Schnack et al., 2015). A 

study of 65 adults aged 17ï44 years indicated the existence of correlations 

between intelligence and intracranial grey matter volume and, to a lesser 

extent, white matter volume; sex was found to influence the observed 

relationships at the regional level (Narr et al., 2007).  

 

There are a number of studies that have evaluated the relationship between 

cognitive function or intelligence and brain structure. IQ has been positively 

correlated with total cerebral volume in children, with a more pronounced 

influence for cortical grey matter, particularly in the prefrontal region, over 

subcortical white matter (Reiss et al., 1996). White matter architecture and 

fibre organisation evaluated through diffusion tensor imaging has been 

shown to be correlated with IQ in healthy children (Schmithorst et al., 2005). 
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5.2.4 Associations between cognition and imaging findings in glioma 

As noted in Chapter 2, many of the putative influences on cognition in 

patients with low-grade glioma that are visualised on brain imaging are 

characterised by conflicting evidence. For example, tumour location has 

demonstrated an influence on cognition in some studies (Antonsson, Jakola, 

et al., 2018; Antonsson, Johansson, et al., 2018; Arbula et al., 2020; Bette et 

al., 2020; Fang et al., 2014; Goldstein et al., 2003; Irle et al., 1994; Kaleita et 

al., 2004; Kessels, 2000; Latini et al., 2021; Mattavelli et al., 2019; Owen et 

al., 1996; Scarone et al., 2009), but not in others (Campanella et al., 2017; 

Hoffermann et al., 2017; Laack et al., 2005; Romero-Garcia et al., 2022; 

Satoer et al., 2014, 2018). Similar conflicting findings exist for tumour 

laterality, tumour volume, extent of tumour resection, postoperative 

complications, and the surgical technique employed (as summarised in 

sections 2.9.4.1 and 2.9.4.3 of Chapter 2). Logic would dictate that tumour 

location is highly relevant for cognition, as it would be expected that a tumour 

located in a part of the brain subserving a cognitive function (such as 

memory, for example) would impede the function of the normal brain tissue 

surrounding the tumour. However, this may not be the case for a number of 

reasons. First, for slow-growing tumours such as LGGs, one could assume 

that neuroplasticity facilitates functional reorganisation of neural tissue to 

preserve overall brain function. The slow-growing nature of LGGs may also 

explain why some studies have found no effect of tumour volume on 

cognitive outcomes: with slow growth, there is more time for compensatory 

strategies to accommodate the tumour, such as reduced cerebrospinal fluid 

within the intracranial space. This at least partially explains why the cognitive 

effects of various factors for higher-grade, and thus faster growing, tumours 

is more compelling. It is also possible that the cognitive tests administered in 

the negative studies were insufficiently sensitive to detect the sometimes 

subtle changes in cognition observed in the clinical setting. 

 

There has been particular interest in the study of the white matter tracts of 

the brain and their changes in association with cognitive performance in 

individuals with or treated for brain tumours including LGG. Diffusion-tensor 

imaging (DTI) has been used in multiple studies to evaluate the restricted 
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diffusion of water within tissue, generating a value of fractional anisotropy 

(FA) as a measure of the connectivity of the brain and the structure and 

alignment of white matter fibres. For example, changes in FA have been 

shown to correlate with cognitive test results (Chapman et al., 2016; Incekara 

et al., 2019). In addition to structural imaging, functional imaging techniques 

such as functional MRI (fMRI) and magnetoencephalography (MEG) have 

been used to study differences in functional networks and neuronal activity at 

global and regional levels (Lang et al., 2017; A. T. Lee et al., 2021; D. Liu et 

al., 2021; Noll et al., 2021; Romero-Garcia et al., 2022; Van Dellen et al., 

2012; Zimmermann et al., 2020).  

 

Abnormal brightness (signal hyperintensity) is commonly observed in the 

area surrounding low-grade gliomas on T2-weighted and fluid-attenuated 

inversion recovery (FLAIR) MRI scans, and this can represent one or more of 

vasogenic oedema, inflammation, gliosis (scarring), micro-necrosis, or 

peritumoral infiltration (Martín-Noguerol et al., 2021), particularly following 

treatment with surgery and/or radiotherapy. Despite this, there is little 

understanding of the impact of these observed changes in the peritumoural 

region on outcomes and particularly cognition. Indeed, the systematic review 

described in Chapter 2 of this thesis did not identify any studies that have 

evaluated the relationshipðif anyðbetween these imaging abnormalities, 

hereon referred to as óFLAIR hyperintensitiesô, and cognition in patients with 

glioma. Such an evaluation therefore became an important part of the 

objective of the current study. Also important was the ability to quantify the 

ócapacityô of the brain to withstand an insult such as a brain tumour. To this 

end, structural MRI scans obtained during routine clinical care from the same 

study population described in Chapter 4 were used to (i) derive a measure of 

brain reserve based on pre-operative imaging, and (ii) evaluate tumour 

volume and the extent of associated FLAIR hyperintensity within the brainð

which, collectively, will be considered ólesion burdenôðthrough the 

quantification of tumour/FLAIR hyperintensity volume on the initial as well as 

most recent follow-up MRI scans performed. 
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Prior to discussing the objectives and hypotheses of the study described in 

the remainder of this chapter, it is helpful to revisit the concept of brain 

reserve, introduced in Section 1.4.2 of Chapter 1, in order to justify how the 

variable was derived in the current study. 

 

 

5.2.5 Brain reserve 

The scientific literature on brain reserve has predominantly focused on the 

study of patients with dementia. There is compelling evidence that the 

pathological hallmarks of Alzheimerôs diseaseðbeta amyloid plaques and 

tau proteinsðaccumulate in the brain of patients with Alzheimerôs disease 

many decades before the clinical manifestations of the disease appear 

(Braak & Del Tredici, 2015; Jack et al., 2014; Jansen et al., 2015). There is 

also evidence that inter-individual differences exist in the amount of 

pathology órequiredô to trigger clinical symptoms following various forms of 

brain injury (Satz, 1993), such that for two people with the same absolute 

level of brain pathology, one individual with a larger and better connected 

brain is likely to have more reserve capacity (more functional brain tissue) 

and thus is likely to develop symptoms at a more advanced stage than 

another individual with a smaller, less connected brain. This is indicative of 

the existence of a óbrain reserve thresholdô rather than ópathology thresholdô. 

Such a threshold may explainðat least in partðthe cognitive outcome 

variability in patients with LGG but, as indicated by the systematic review 

findings presented in Section 2.9.4.11 of Chapter 2, no prior literature has 

specifically evaluated brain reserve through the assessment of brain volume 

in patients with LGG, which is part of the rationale of the study described 

later in this chapter. However, in the course of defining brain reserve as a 

variable for analysis in the current study, there are some conceptual 

ambiguities that first deserve mention. 

 

First, how does one differentiate brain reserve from cognitive reserve? These 

are terms that were historically used interchangeably, but they are now 

defined distinctly. As described in Section 1.4.2 of Chapter 1, brain reserve is 
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conceptualised in terms of individual differences in the brain itself that allow 

some individuals to cope better than others with a given pathology, whereas 

cognitive reserve is conceptualised in terms of individual differences in the 

processing of tasks that allow some to cope with brain pathology better than 

others (Stern, 2009). In its simplest sense, it is possible to equate the 

purpose of brain reserve as serving to increase cognitive reserve, bu t are the 

effects of brain reserve realised solely through cognitive reserve? The 

answer to this question is currently unknown. Despite the differences in the 

definitions of brain reserve and cognitive reserve, there is undoubtedly an 

element of overlap and relatedness between the two. The ambiguity is not 

helped by the fact that neither brain reserve nor cognitive reserve can 

currently be quantified directly, and instead rely on various proxy measures.  

 

Second, and following on from the preceding paragraph, which proxy 

measure is the most representative of brain reserve is unclear. There are 

numerous interpretations of brain reserve, including that it relates to higher 

synaptic density, higher neuronal count, or glia-to-neuron ratio. Although 

intracranial volume is the commonest proxy measure of brain reserve 

reported in the literature (van Loenhoud et al., 2018), there are a number of 

limitations to this overly simplistic metric. For example, total intracranial 

volume incorporates quantification of the cerebrospinal fluid spaces within 

the head, and these are not going to contribute to brain reserve and, in fact, 

increased cerebrospinal fluid intracranial volume directly infers the presence 

of less brain tissue (and thus, brain reserve). Furthermore, in the presence of 

pathology such as a brain tumour, total intracranial volume measurements in 

isolation will not account for the reduced brain reserve resulting from a 

proportion of the brain tissue not contributing to reserve capacity. In adults, 

intracranial volume is a fixed (or static) measure that cannot account for 

changes in brain reserve, positive or negative, that occur over time. Thus, in 

a patient with LGG, should brain reserve be quantified in relation to their pre-

disease state or at the point at which the evaluation is taking place (with the 

disease present)? This relates to the next point, below.  
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Third, there is disagreement within the literature about whether brain reserve 

should be considered static or dynamic in nature (van Loenhoud et al., 

2018). However, as described in Section 5.2.1 above, brain volumeð

particularly in the amygdala and hippocampus, areas subserving memory 

functionsðchanges over time under the influence of genetics in healthy 

individuals (Brouwer et al., 2022). Furthermore, while there is currently no 

evidence to suggest that neurogenesis is widespread throughout the adult 

human brain, there is compelling evidence of neurogenesis in select regions 

of the adult brain including the hippocampus (Toda et al., 2019; Zhao & Van 

Praag, 2020), even through to the tenth decade of life and in the presence of 

Alzheimerôs disease (Tobin et al., 2019). Hippocampal neurogenesis has 

been shown to be influenced by several factors such as exercise, diet, and 

social interactions (Kuipers et al., 2014; Toda et al., 2019; Valero et al., 

2016). Thus, current evidence indicates that brain reserve should not be 

considered a fixed, static concept but instead a dynamic metric that is under 

various influences at any moment in time. This leads to the question: at 

which point in time should one evaluate an individualôs brain reserve? Some 

consider brain reserve to be the maximum attained brain size prior to the 

onset of disease or age-related atrophy, whereas others consider the 

quantification of brain reserve to be contingent on  the time it is being 

considered; in the latter conceptualisation, brain reserve in  a person of 80 

years will be significantly lower than in that same individual 40 years prior 

(van Loenhoud et al., 2018). 

 

Taking the above into account, particularly the dynamic nature of brain 

reserve, it was decided to calculate brain reserve through the proportion of 

healthy-appearing brain volume relative to the total intracranial volume, as 

has been done in previous literature (Zijlmans et al., 2021). The brain 

reserve calculation was performed based on measurements obtained from 

the initial (pre-operative) MRI scan, and thus reflected brain reserve around 

the time of diagnosis of the brain tumour. An example of how brain reserve 

was calculated for the study participants is provided in Section 5.4.3 of the 

Methods, below. 
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5.3 Objective 

The objective of this study was to explore whether variation in the imaging-

derived metrics of brain reserve and lesion burden in patients with LGG are 

associated with differences in cognitive outcomes and education, 

socioeconomic, clinical, demographic, and quality of life factors, as well as 

estimated premorbid intelligence.  

 

 

5.3.1 Hypotheses tested by the study 

¶ Differences in lesion burden on the initial and most recent follow-up MRI 

scans can explain at least some of the variance in cognitive outcomes in 

patients with LGG 

¶ Differences in lesion burden on the initial and most recent follow-up MRI 

scans are associated with differences in education, socioeconomic, 

clinical, demographic, and quality of life factors, as well as estimated 

premorbid intelligence 

¶ Differences in brain reserve can explain at least some of the variance in 

cognitive outcomes in patients with LGG 

¶ Differences in brain reserve are associated with differences in education, 

socioeconomic, clinical, demographic, and quality of life factors, as well 

as estimated premorbid intelligence 

¶ Differences in tumour location can explain at least some of the variance 

in cognitive outcomes in patients with LGG 

 

 

5.4 Methods 

Details on the recruitment process, ethical approval details, other data 

collected, and the study population, including the demographic, clinical, 

cognitive profile of participants, are provided in Chapter 4.  
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5.4.1 Imaging acquisition 

All the imaging analysed in the current study was acquired during routine 

clinical care of the participants. MRI data were sought and analysed for the 

purposes of the current study; although computed tomography (CT) scans 

were also performed in some participants, only MRI data were used to 

maintain consistency in the data sources across participants, not least due to 

differences in spatial resolution between CT and MRI scans. MRI data 

available for each participant comprised the initial MRI scan performed prior 

to diagnosis, the MRI scan performed immediately prior to surgery, the MRI 

scan performed within the first couple of days following surgery to evaluate 

the extent of surgical resection and any postoperative complications, and the 

numerous MRI scans performed following surgery or other treatments to 

monitor tumour activity, including the most recent MRI scan obtained at the 

point of study participation. The time interval between the most recent MRI 

scan and the date of study participation was noted for each participant. 

 

Imaging performed at The National Hospital for Neurology and Neurosurgery 

was acquired on either a Siemens Skyra 3 T or Avanto 1.5 T MRI scanner 

(Siemens Healthineers, Erlangen, Germany). Standard MRI sequences 

performed during the structural imaging acquisition included T1-weighted 

pre- and post-contrast, T2-weighted, diffusion-weighted, and FLAIR MRI. 

The T1-weighted pre- and post-contrast imaging was compared to evaluate 

for evidence of contrast-enhancing tumour, which is often indicative of a 

higher-grade tumour, but can also indicate a glioma of oligodendrocyte 

lineage. The T2-weighted imaging was reviewed to evaluate for the presence 

of cerebral oedema, and the diffusion-weighted imaging was reviewed to 

evaluate for post-operative diffusion restriction, which is indicative of acute 

ischaemia often resulting from stroke. The FLAIR imaging was reviewed to 

evaluate for hydrocephalus and, if present, its acuity, as well as to perform 

volumetric assessments described below. Cerebral oedema, diffusion 

restriction, and hydrocephalus were specifically sought as they can be 

associated with cognitive impairment and thus their presence could have 

influenced the results. All of the imaging sequences were reviewed to identify 

any other features of note or relevance. 
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Imaging data for all participants were accessed using the Picture Archiving 

and Communication System (PACS) in use at the hospital (IMPAX, Agfa, 

Mortsel, Belgium).  

 

 

5.4.2 Variables evaluated 

In addition to the education, socioeconomic, clinical, demographic, and 

quality-of-life variables, as well as estimated premorbid intelligence, collected 

as specified in Chapter 4, data to generate the following variables were 

collected: 

 

Non-imaging variables 

¶ Time interval between surgery and initial post-operative imaging 

¶ Time interval between last surgery and study participation  

¶ Time between end of last radiotherapy fraction and time of study 

participation 

¶ Time interval between most recent structural MRI scan and study 

participation 

¶ Time between initial and most recent MRI evaluated in this study 

 

Structural imaging variables 

¶ Lesion burden volume prior to surgery 

¶ Total brain volume 

¶ Total intracranial volume 

¶ Tumour location (including lobe(s) affected and laterality) 

¶ Presence of oedema 

¶ Presence of hydrocephalus 

¶ Presence of diffusion-restriction 

¶ Lesion burden volume on most recent MRI scan 

¶ Any other notable features 
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An attempt to quantify tumour volume in isolation for pre- and post-operative 

comparison would not be straightforward or practical, particularly given the 

patient population of low-grade gliomas and the difficulties in differentiating 

postoperative changes and residual tumour even with advanced imaging 

techniques. This is because the vast majority of low-grade gliomas do not 

enhance on imaging following the administration of contrast material and, in 

particular, becauseðas noted in Section 5.2.4 aboveðthe brain tissue 

adjacent to tumours can have an abnormal MRI signal (typically hyperintense 

on T2-weighted and FLAIR imaging and hypointense on T1-weighted 

imaging) that can make it difficult to differentiate from tumour tissue. An 

example of this from one of the study participants is shown in  Figure 5-1. 

 

 

 

Figure 5-1: Coronal fluid-attenuated inversion recovery magnetic resonance imaging 
Imaging was performed before (left) and following (right) neurosurgical intervention in the same study 
participant. The bright (hyperintense) signal surrounding the tumour cavity in the right-hand image 
could represent a number of different pathologies as indicated in Section 5.2.4. 

 

 

For this reason, no attempt was made in this study to isolate the brain 

tumour volume from peritumoural brain tissue, and instead the two were 

combined as a ólesion burdenô variable. With this in mind, lesion burden 

stability on most recent imaging was defined as the lack of change in lesion 

burden between the most recent and the immediately preceding (but still 

post-operative) MRI scan.  
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Furthermore, lesion burden volume, total brain volume, and total intracranial 

volume were quantified from the initial (pre-operative) imaging in order to 

provide an imaging-based measure of brain reserve, as described in the 

following text. 

 

 

5.4.3 Volumetric analyses for brain reserve estimation 

To generate volumetric assessments of lesion burden volume, total brain 

volume (TBV), and total intracranial volume (TIV), coronal FLAIR MRI scans 

(1 mm slice thickness) underwent manual segmentation using the 

Segmentation Editor module of 3D Slicer software (version 5.0.3; 

https://www.slicer.org/) (Fedorov et al., 2012), which has been successfully 

used previously in LGG populations (Bø et al., 2017; Munkvold et al., 2018).  

 

An example of the segmentation process is shown in  Figure 5-2, below. 

During segmentation, the 3D Slicer software was used to manually trace 

around the visible borders of the lesion burden (i.e., the tumour and 

associated FLAIR hyperintensity); this was repeated for each MRI slice 

where the lesion burden was visible. This enabled the software to generate 

an estimated segmentation volume for the lesion burden. Perimeter-based 

measurements such as this have been shown to be more accurate than 

diameter-based approaches that rely on orthogonal diameter measurements 

(Sorensen et al., 2001), and manual segmentation is particularly beneficial 

for post-operative imaging (Ben Abdallah et al., 2018). Due to the difficulties 

in distinguishing between tumour and FLAIR-hyperintense peritumoural 

tissue, and the likelihood that the latter will influence cognition like the 

former, no attempt at distinguishing the two was made. This minimised the 

risk of introducing unnecessary bias into the segmentation process. Manual 

tracing was repeated for the total brain volume and total intracranial volume, 

the latter quantified as the entire contents within the skull, i.e., the brain (and 

tumour), blood vessels/blood, and cerebrospinal fluid. 

 

 

https://www.slicer.org/
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Figure 5-2: Coronal fluid-attenuated inversion recovery magnetic resonance imaging demonstrating 
the segmentation process 
Segmentation of the imaging data was performed using the 3D Slicer software. Top left: Original 
image. Top right: Lesion burden volume outlined in yellow to facilitate lesion burden volume 
quantification. Bottom left: Total brain volume outlined in green. Bottom right: Total intracranial volume 
outlined in brown. 

 

 

Once these three volumes were outlined, the Segmentation Statistics module 

was run within 3D Slicer to provide estimations of the three volumes. Table 

5-1 shows the results from the above example. 

 

 

Table 5-1: Example output from the Segmentation Statistics module of 3D Slicer software 

Segment  Number of 

voxels  

Volume in mm 3 Volume in cm 3 

Lesion burden 39,654 39,654 39.654 
Total brain volume 1,036,097 1.0361e+06 1,036.1 
Total intracranial volume 1,277,970 1.27797e+06 1,277.97 

 

 

Using these values, brain reserve was estimated as follows: 

 

ὄὶὥὭὲ ὶὩίὩὶὺὩ
ὲέὶάὥὰ ὥὴὴὩὥὶὭὲὫ ὦὶὥὭὲ

ὸέὸὥὰ ὭὲὸὶὥὧὶὥὲὭὥὰ ὺέὰόάὩ
 




























































































































































































































































































































































































































































































































































































































































































