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Abstract 

Purpose 

To inform high-quality rehabilitation services, this study investigates if patients with glioma located in the right- or left-

hemisphere present with different health-related quality of life, symptomatology, and functional performance in the 

early disease state. 

Material and methods   

Between 2013 and 2017, 81 adult patients were assessed during the first week of chemo-radiation, following resection. 

Patients were stratified into two groups depending on a right- or left-hemispheric lesion. Independent t-tests analyzed 

potential differences regarding health-related quality of life, symptomatology, and functional performance.  

Results 

Forty-five patients (56%) had a tumor located in the right hemisphere, whereas 36 patients (44%) had a tumor in the left 

hemisphere. Except for more patients with tumors in the left hemisphere having their tumor located in eloquent brain 

areas, the groups were well matched. No group differences were found in health-related quality of life. Group 

differences were found in communication deficits (∆-10.9, 95%CI -19.1; -2.3, p=0.01), which were more frequent in 

patients with left-sided lesions, and of headaches (∆13.9, 95%CI 1.8; 25.9, p=0.02), which were more frequent in 

patients with right-hemispheric lesions, who also had significantly greater difficulties with process-skills when 

performing everyday life tasks (∆-0.3, 95%CI-0.5;-0.1, p<0.01). Also, weak evidence suggests that patients with 

Glioblastoma Multiforme located in the right hemisphere are more affected by fatigue compared to their left-

hemispheric comparisons (∆14.6, 95%CI 0.19; 29.0, p<0.05). 

Conclusions 

The hemispheric location of a glial-cell brain tumor has no consequence for health-related quality of life at the 

beginning of chemo-radiation treatments. However, findings of tumor-location dependent conditions of communication, 

headache, patients’ ability to perform executive functions, and fatigue should be considered in rehabilitation situations 

when designing an intervention to potentially improve executive functions and relieve the symptoms. 

 

Keywords 

Glioma; health-related quality of life; Symptomatology; Functional Performance; Rehabilitation  
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Introduction 

Patients with primary glial-cell brain tumors are characterized by a low health-related quality of life (HRQOL), not only 

compared to healthy adults[1], but also other significant cancer populations[2]. The location of the tumor may affect 

physical or neurocognitive deficits[3,4]. It is, however, not clear whether the location of the tumor significantly impacts 

patients’ perception of HRQOL or functional performance. The literature reports divergences of whether patients with 

right- or left-hemispheric glioma to perceive worse HRQOL[5-9], with recent studies reporting no differences[10-12]. 

However, these studies have used different methods and instruments, which hamper direct comparisons and a clear 

interpretation. 

The reporting of functional performance in studies of patients with glioma has almost exclusively used subjective 

measures as the Karnofsky Performance Status scale, although this scale is limited with low specificity and sensitivity 

to reporting changes [13]. Only a few studies of limited data material have used clinical outcome measures to evaluate 

the functional performance of patients with primary glioma[14-23]. It has yet to be investigated if laterality impact 

patients objectively measured functional performance, which might implicate differentiated rehabilitation interventions. 

To provide high-quality rehabilitation services, it is important to establish whether the hemispheric tumor location 

impacts HRQOL, symptomatology, and functional performance outcomes, which consequently is the purpose of this 

study. 

 

Material and methods 

This exploratory cross-sectional study evaluates baseline data of patients with primary glioma (World Health 

Organization grade II–IV)[24] within the first week of active anti-cancer treatments, including radiation and/or 

chemotherapy. It pools patients from a feasibility trial[14] and a randomized controlled trial investigating the 

effectiveness of rehabilitation efforts[25] (Clinicaltrail.gov #NCT02221986). The study was approved by The Regional 

Committees on Health Research Ethics for Southern Denmark (id: S-20140108). All subjects were given written, and 

oral information about the study and informed consent was obtained from all individuals. 

Subjects 

Eligible patients consecutively admitted for resections were recruited at Odense University Hospital, Denmark, which is 

one of four national hospitals responsible for active glioma treatment. Between May 1st, 2013 and December 1th, 2017 

patients with a newly diagnosed de novo glioma grade II-IV, ≥18 years, and a Karnofsky Performance Status of ≥70 
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were offered participation. Patients with active psychiatric diagnoses, cardiac conditions, or who were impaired with 

severe aphasia were excluded. Thorough descriptions of the study design have been described[14]. 

 

Characteristics 

Patient characteristics were self-reported (age, gender, living status, educational degree, and employment status). 

Anthropometric variables of weight and height were measured to calculate body mass index (Kg/m2). Tumor and 

treatment-specific variables were extracted from pre- and post-resection MRI definitions (tumor location at left- or 

right-hemisphere, lobe, displacement of midline structures, post-resection residual tumor, and hematoma or infarct in 

the cavity) and from medical records (histopathology, radiation, chemotherapy steroid, and antiepileptic drug use). 

Performance status was evaluated using the Karnofsky Performance Status at the assessment. 

Due to the exploratory purpose of this study, patients were stratified into two groups by a tumor located at the right- or 

left hemisphere. Patients with grade I tumors were excluded from the analyses. Also, patients with a tumor affecting 

both hemispheres have omitted the analysis to isolate pure hemispheric tumors, and patients with a tumor located in the 

brainstem were excluded, as the side of the brainstem lesion unlikely is of consequence for HRQOL and functional 

performance. 

 

Outcomes 

Health questionnaire 

HRQOL was measured by the European Organization for Research and Treatment of Cancer questionnaire (EORTC-

QLQ-30)[26] and the specific brain cancer module QLQ-BN20[27].  

The EORTC-QLQ-C30 consists of multi-item scales and single-item measures, which creates a global health 

status/QOL scale, five functional scales (physical functioning, role functioning, emotional functioning, cognitive 

functioning, and social functioning), three symptom scales (fatigue, nausea and vomiting, and pain), and six single 

symptom items (dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial difficulties). According to 

methods described in the 3rd edition of the EORTC-QLQ-C30 Scoring Manual, all measures were linearly transformed 

to a numeric value ranging from 0 to 100. High values for the global health status/QOL and functional scales represents 

high QOL and high levels of functioning, whereas high values for symptom scales/items represents a high symptom 

burden[28]. 
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The QLQ-BN20 consists of four multi-item symptom scales (future uncertainty, visual disorder, motor dysfunction, and 

communication deficit), and seven single symptom items (headaches, seizures, drowsiness, itchy skin, hair loss, 

weakness of legs, and bladder control). All measures were linearly transformed to a 0–100 value, with higher values 

representing higher levels of symptoms[27]. 

Functional performance outcome measures 

Lower extremity muscle strength was assessed by an indirect one-repetition maximum test, where the one-repetition 

maximum is the maximum load that can be handled in a single execution. Patients performed a 3-8 repetition maximum 

test, the one-repetition maximum loads calculated by Brzycki’s equation[29]. Testing of dynamic strength of leg press, 

targeting primarily hip and knee extensors were performed on TuffStuff resistance equipment (PPD-830). Only 

repetitions consecutively completed with the proper form through the full range of motion were registered. 

Aerobic power was assessed by the Watt-max cycling test[30] of patients in the feasibility trial, and by the Aastrand 

Rhyming ergometer test[31] of patients in the RCT. Both indirect tests predict patients’ maximal oxygen uptake, which 

was divided by body weight to estimate aerobic power (mlO2.Kg−1.min−1). 

 

Walking ability was assessed by a 10-meter walking test. Three trials of 10-meter walking at habitual speed initiated 

from a standing position were conducted. Time was registered with a stopwatch able to record 1/100 seconds. The 

average time was used to estimate gait velocity by dividing to a m/sec.[32]. 

The activity of daily living levels was evaluated by The Assessments of Motor and Process Skills, which is an 

observational assessment instrument to quantify a persons’ motor and processing ability while performing an 

instrumental and personal activity of daily living task. It includes 16 motor skill items and 20 process skill items that the 

assessor rates (4 = competent, 3 = questionable, 2 = ineffective, 1 = deficit) from two separate activity of daily living 

tasks. Raw scores are transformed to a numeric motor and process score ranging from −4 to +4. The scores indicate 

whether the person can live independently in the community and if minimal, moderate or maximal assistance is 

needed[33].  

 

Data collection 

After written consent, a neurosurgeon retrospectively extracted tumor and treatment-specific variables from medical 

records. Health questionnaires and functional performance outcomes were assessed at baseline within the first week of a 
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patients’ radiation or chemotherapy and were conducted over two days to lower the risks of possible bias from physical 

or mental fatigue. At assessment day one, the questionnaires were completed at the beginning and followed by the 

functional performance tests. Outcome assessors were three physical therapists experienced in the testing procedures. 

Assessment day two included the assessment of motor and process skills, which was conducted by two occupational 

therapists with test certification. It was not possible to blind outcome-assessors from the tumor location as some patients 

presented with resection scars or impairments revealing the affected hemisphere. They were, however, unaware of the 

research question. 

Statistics 

All statistical analyses were performed using STATA 15 (StataCorp, College Station TX, USA). Summary statistic 

describes group characteristics, and independent t-test or Chi2 was used to test group differences. Statistical significance 

of outcome measures of EORTC-QLQ-30, QLQ-BN20, and functional performance was assessed using two-tailed t-

tests. The statistical significance level was set at 5%. 

 

Place table 1 about here 

 

Results 

Ninty patients (61%) consented of 148 invited. The primary reasons for refusal were feelings of poor health or 

overwhelming sensations. Two patients were excluded at the assessment due to their psychiatric status. Due to the 

purpose of this study, seven patients have been excluded the analysis due to either bilateral hemispheric tumors (n=4), 

tumor location in the brain stem (n=2) or from having a grade I tumor (n=1), which resulted in a cohort of 81 patients 

available for analyses. 

Presentation  

The mean time from the craniotomy to assessments was 40 days in both groups (Table 1). No significant differences in 

the anthropometric variables or Karnofsky performance status were found. 

 

Tumor characteristics 

Forty-five patients (56%) had a tumor in the right hemisphere, whereas 36 (44%) had a tumor in the left hemisphere. 

Seventy patients (86%) had a higher grade of glioma (grade III or IV), and 11 patients (14%) had a lower grade of 



7 
 

glioma (grade II). Except for left-hemispheric tumors were more frequently located at an eloquent brain area, were all 

other tumor characteristics well matched between the groups (Table 1). 

Surgical management 

A surgical procedure was performed in 88% of patients, whereas a biopsy for diagnostically purpose was conducted in 

the remaining 12%. Among patients who had surgery for resection, the percentages of total-removal, partial-removal, 

and decompression, as judged by the surgeon, was equal among the groups (table 1). 

 
Medical management 

The use of radiation or chemotherapy, and symptom-alleviating corticosteroid or antiepileptic drug use were 

comparable among the groups (table 1). 

 

Health questionnaires 

No significant group differences were found in any EORTC-QLQ-C30 outcome (table 2). The only group differences 

were found in the QLQ-BN20 symptom item of communication deficit, which was more frequent in patients with a 

tumor in the left hemisphere and headache, which were more frequent in patients with a tumor in the right hemisphere 

(Table 3).  

Functional performance 

Patients with tumors in the right hemisphere had significantly greater difficulties with process-skills when performing 

everyday life tasks than their left-hemispheric comparisons. Otherwise, the groups presented with similar outcomes 

(table 4). 

 
 
Subgroup analyses 

To investigate any confounding effects, which may have been caused by the subset of glioma grades, a subgroup was 

constructed to include patients with grade IV tumors (Glioblastoma Multiforme) only. Within this subgroup, 34 patients 

had a tumor in the right hemisphere, and 26 patients had a tumor in the left hemisphere. All analyses conducted on the 

complete cohort (including the grade II and III cohorts) were repeated in the Glioblastoma Multiforme subgroups. All 

results of the complete cohort analyses were confirmed in the Glioblastoma Multiforme subgroup, except for weak 

evidence that patients with right hemispheric tumors were significantly greater affected by fatigue (∆14.6, 95% CI 0.19; 

29.0,  p<0.05). 
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Place table 2, 3, 4 about here 

 

Discussion 

In this exploratory cross-sectional study investigating differences of HRQOL, symptomatology and functional 

performance of 81 patients with glioma, we found, that a tumor located at the right- or left hemisphere respectively had 

no consequence for HRQOL within the first week of chemo-radiation, following resection. It did, however, have an 

impact on specific symptoms and functional performance outcome. These findings are a useful supplement to the scarce 

information on a possible impact of an affected right- or left hemisphere that could lead to a specific demand for 

rehabilitation. The indifferent results of HRQOL as a consequence of laterality supports recent findings of patients with 

glioma[10-12].  

  

A greater percentage of patients with left-sided glioma had their tumor located in an eloquent functional area. This is to 

be expected, as the left hemisphere is the supposed main site for eloquent functions, including speech[10] and likely 

explain why patients with left-hemisphere glioma reported greater communication deficits. Patients with right 

hemispheric glioma were more affected by headaches than those with left hemisphere glioma. Though the observational 

design of this cross-sectional study does not permit interpretations regarding causality, it supports findings from a large 

cross-sectional study, including more than 500 patients[34]. In general, the magnitude of the between-group difference 

was clinically important[35]. 

 

Also, patients with right hemispheric glioma had inferior process-skills when performing everyday life tasks as cooking, 

ironing, or vacuuming. The association between inferior process-skills and patients with right-sided lesions may 

correlate with established neuroanatomy, as the right-hemisphere associates with the spatial processing of information 

and stimuli[36]. Therefore, it seems plausible that patients with tumors in the right cortical hemisphere find it more 

difficult to plan and process everyday life tasks. Neurorehabilitation professionals focusing on improving executive 

functions, mainly occupational therapists and neuropsychologists, are encouraged to take the hemispheric lesion into 

account when designing an intervention. 

Independent of the tumor location, patients with glioma present with a remarkably low average aerobic power of 13.7 

mlO2.Kg−1.min−1. This result validates finding from Jones and colleagues 2010, where the aerobic fitness of 35 patients 
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with matching performance status was assessed by an incremental cardiorespiratory gas exchange test[15]. The finding 

may be of great importance as exercise behavior is established as an independent predictor of survival of patients with 

glioma[37,38]. Future trials designed to improve functional capacity and exercise behavior of patients with glioma 

should therefore always consider aerobic training ignoring tumor laterality as a factor.  

Subgroup analysis 

In the Glioblastoma Multiforme subgroup, there was weak evidence for patients with right-hemispheric glioma to be 

more affected by fatigue. Although the causality cannot be confirmed, it may correlate to the inferior process skills, as 

patients have to apply considerably more focus to perform simple everyday-life tasks. It may be an important finding 

and could be implemented in the designing of rehabilitation interventions.  

Strength and limitations of the study  

All assessments were made at the same location, with the same equipment, and using the same therapists, which were 

experienced and rigorous with the testing procedures The functional performance outcome measures used were all 

feasible and responsive to changes[14].  

This study also has a range of potential limitations to consider. In spite of intensive efforts in recruiting for more than 

three years, the recruiting from a single hospital led to relatively fewer patients than expected. However, it seems 

unlikely that an increased number of patients would affect the outcomes significantly, as there were no apparent trends 

in the data to suggest statistical differences. 

The generalizability is hindered due to the homogeneity of the sample. Patients in this study were all involved in two 

clinical trials with a strong emphasis on exercise[14,25]. The inclusion criteria of Karnofsky Performance Status ≥70 

and patients’ enthusiasm to take part in an exercise intervention may have created a specific population of patients, 

which could have influenced the results of this study, although it is unlikely to affect the comparative results 

significantly.  

This study provides a detailed description of patients with a primary glioma within the first week of chemo-radiation 

treatment. It indicates that the hemispheric location of the brain tumor has no consequence for HRQOL, but impact 

communication, headache, and patients’ ability to perform executive functions.  Further, patients with Glioblastoma 

Multiforme located in the right hemisphere may be more affected by fatigue than their left-hemispheric comparisons. In 

rehabilitation situations, the hemispheric location of the lesion ought not to be decisive for the recommendation of 

general physical exercise training. However, the finding of the tumor location-dependent conditions of fatigue, 
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headaches and patients’ ability to perform executive functions should be considered when designing how to deliver the 

training that potentially could improve executive functions and relieve the symptoms. 
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Table 1  
Caption:  Baseline characteristic of patients with right- or left-hemispheric glioma 

 
Variable 

 
Right 

hemisphere  
(n=45) 

 
Left 

hemisphere 
(n=36) 

Age, years   
   Mean (SD) 56.8 (13.1) 55.3 (13.3) 
Gender (male (%)) 29 (64) 25 (69) 
Body Mass Index (Kg/m2)   
    Mean (SD) 27.3 (5.1) 25.4 (3.6) 
Married, cohabiting, or in a relationship (n (%)) 38 (84) 29 (81) 
Highest level of education (n (%))   
   Primary School 9 (20) 7 (19) 
   Vocational education, secondary school, or short 
term 3rd level education 18 (40) 16 (44) 
   Medium, or long-term 3rd level education 17 (38) 13 (36) 
   Other 1 (2) 0 (0) 
Employment status (n (%))   
   Student    1 (2) 0 (0) 
   Unemployed, working at part-time or full-time 26 (58) 25 (69) 
   Early retirement or retired due to age 17(38) 11 (31) 
   Other 1 (2) 0 (0) 
Karnofsky performance status (n (%))   
   100  12 (27) 7 (19) 
   90 17 (38) 15 (42) 
   80 12 (27) 7 (19) 
   70 4 (9) 7 (19) 
Time from surgery to assessment, days   
   Mean (SD)  40.3 (11.2) 39.8 (13.4) 
WHO grade (n (%))   
   II 5 (11) 6 (17) 
   III 6 (13) 4 (11) 
   IV 34 (76) 26 (72) 
Lobe   
   Frontal 16 (36) 14 (39) 
   Parietal 5 (11) 4 (11) 
   Temporal 16 (36) 16 (44) 
    Occipital 8 (18) 2 (6) 
Size, mm    
    Wide, mean (SD) 43.9 (17) 43.2 (17) 
    Long, mean (SD) 37.6 (13) 31.7 (14) 
Displacement of midline structures (n (%))   
    Yes 12 (27) 9 (25) 
Displacement in mm   
    Mean (SD) 8.9 (4) 7.8 (5) 
Infarct in the cavity (n (%))   
    Yes 0 (0) 2 (6) 
Hematoma in the cavity (n (%))   
   Yes 0 (0) 2 (6) 
Post resection residual tumor (n (%))   
   Total removala 20 (44) 14 (39) 
   Partial removalb 11 (24) 8 (22) 



14 
 

   Biopsy or decompressionc 13 (29) 14 (39) 
    Missing 1 (2) - 
Eloquent tumor location (n (%))   
   Yes 9 (20) 17 (47) 
Medical treatment modalities (n (%))   
   Surgery, radiation therapy and chemotherapy  34 (76) 26 (72) 
   Surgery and radiation therapy 6 (13) 6 (17) 
   Surgery and chemotherapy 2 (4) 1 (3) 
   Other 3 (7) 3 (8) 
Corticosteroid therapy (n (%))   
   Yes 31 (69) 25 (69) 
Antiepileptic drug use (n (%))   
   Yes 27 (60) 18 (50) 
Rehabilitation at discharge from the hospital (n %))   
   No rehabilitation  25 (56) 25 (69) 
   Municipality services 19 (42) 10 (28) 
   Specialized outpatient rehabilitation at the hospital 1 (2) 1 (3) 
aAll preoperatively imaged visually suspected tumor tissue is expected to be removed 
bMore than 50% of the original tumor volume is expected to be removed 
cLess than 50% of the original tumor volume is expected to be removed 

 

 

Table 2  
Caption: 
Health-related quality of life of patients with right- or left-hemispheric glioma assessed by the EORTC-QLQ-30 

Variable Right hemisphere (n=45) 
Mean (SD) 

Left hemisphere (n=36) 
Mean (SD) 

∆ 95% CI p-value 

Global health status/QOL 66.1 (20.4) 64.1 (23.9) 2.0 -7.8 11.8 0.69 
Physical functioning 80.8 (20.0) 85.1 (18.0) -4.3 -13.1 4.4 0.32 
Role functioning 57.5 (35.7) 64.8 (35.0) -7.2 -23.4 8.9 0.38 
Emotional functioning 73.6 (22.7) 76.4 (22.1) -2.7 -12.8 7.3 0.59 
Cognitive functioning 63.3 (31.5) 66.7 (27.0) -3.3 -16.5 9.8 0.62 
Social functioning 76.7 (30.3) 76.9 (24.6) -0.2 -12.6 12.2 0.98 
Fatigue 43.9 (27.3) 33.6 (24.3) 10.3 -1.3 21.9 0.08 
Nausea and vomiting 14.4 (20.0) 14.4 (24.9) 0.1 -9.8 10.0 0.99 
Pain 14.4 (18.5) 09.7 (18.0) 4.7 -3.5 12.9 0.26 
Dyspnea 11.4 (21.5) 09.3 (18.9) 2.1 -7.0 11.2 0.65 
Insomnia 20.0 (27.0) 29.6 (30.6) -9.6 -22.4 3.1 0.14 
Appetite loss 15.6 (28.1) 14.8 (25.8) 0.7 -11.3 12.8 0.90 
Constipation 13.3 (22.9) 06.5 (13.8) 6.9 -1.7 15.4 0.12 
Diarrhea 08.9 (19.3) 06.5 (15.6) 2.4 -5.5 10.3 0.55 
Financial difficulties 13.6 (25.2) 12.0 (27.8) 1.6 -10.2 13.4 0.79 
High scores equal high levels of QOL and functioning from the Global health status /QOL and functioning scale, 
whereas high levels of symptom scales/ items represent a high symptom burden. 
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Table 3  
Caption:  
The symptom burden of patients with right- or left-hemispheric glioma assessed by the BN-20 supplement 

Variable Right hemisphere (n=45) 
Mean (SD) 

Left hemisphere (n=36) 
Mean (SD) 

∆ 95% CI p-value 

Future uncertainty 31.4 (25.2) 27.3 (22.7) 4.1 -6.6 14.9 0.45 
Visual disorder 15.4 (18.6) 14.2 (20.2) 1.2 -7.4 9.8 0.78 
Motor dysfunction 13.4 (19.5) 13.3 (20.5) 0.2 -8.8 9.1 0.97 
Communication deficit 08.6 (13.5) 19.4 (24.1) -10.9 -19.3 -2.3 0.01 
Headaches 25.9 (30.9) 12.0 (21.3) 13.9 1.8 25.9 0.02 
Seizures 04.4 (16.8) 08.3 (23.1) -3.9 -12.7 4.9 0.38 
Drowsiness 41.5 (34.9) 38.0 (29.0) 3.5 -10.9 17.9 0.63 
Itchy skin 20.7 (26.9) 16.7 (21.8) 4.1 -6.9 15.1 0.46 
Hair loss 11.9 (28.6) 08.3 (18.5) 3.5 -7.4 14.4 0.52 
Weakness of legs 09.6 (23.2) 06.5 (15.6) 3.1 -5.8 12.11 0.49 
Bladder control 12.6 (25.9) 07.4 (19.7) 5.2 -5.2 15.6 0.32 
High levels of symptom scales/ items represent a high symptom burden. 

 

Table 4  
Caption:  
Functional performance of patients with right- or left-hemispheric glioma 

Variable Right hemisphere (n=45) 
Mean (SD) 

Left hemisphere (n=36) 
Mean (SD) 

∆ 95% CI p-value 

Walking ability (m/s) 0.8 (0.1) 0.8 (0.1) 0.0 -0.4 0.8 0.55 
Leg press (Kg) 128.8 (40.8) 133.0 (44.0) -4.2 -23.2 14.8 0.66 
Aerobic power (ml.O2-1.Kg-1) 13.8 (5.3) 13.6 (3.5) 0.2 -2.1 2.6 0.84 
AMPSmotor 2.2 (0.6) 2.4 (0.7) -0.2 -0.5 0.1 0.24 
AMPSprocess 1.4 (0.4) 1.7 (0.4) -0.3 -0.5 -0.1 <0.01 
Assessment of motor and process skills (AMPS) 


