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Abstract

BACKGROUND—The purpose of this study was to assess the health-related quality of life 

(HRQOL) and the impact of treatment on HRQOL in long-term survivors of pediatric low-grade 

gliomas (LGGs) using an adult instrument.

METHODS—QOL of 121 patients with a diagnosis of LGG from the Mayo Clinic were assessed 

using the European Organization for Research and Treatment of Cancer Quality of Life 

Questionnaire (EORTC-QLQ-C30 for cancer in general) and (EORTC QLQ-BN20 specific for 

brain tumors).

RESULTS—Median follow-up was 21.9 years for the participants. Median age at diagnosis was 

11.8 years and at assessment was 33 years. Mean (standard deviation) global QOL score for the 

study was 78 (18) and 76.4 (22.8) in a reference population of healthy adults. Using QLQ-C30, 

radiation treated patients compared to non-radiation patients reported lower physical functioning 

(p=0.002), role functioning (p=0.004), and more constipation problems (p<0.001). Patients with 

tumor recurrence reported lower role functioning (p=0.016), social functioning (p=0.040), and 
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more financial problems (p=0.029) compared to their counterparts. Using QLQ-BN20, patients 

with deep tumors compared to cortical tumors reported more bladder control problems (p=0.016). 

Radiation treated patients also reported more bladder control problems (p<0.001) compared to 

their counterparts. In the multivariable analysis, radiation therapy remained an independent 

predictor of physical and role functioning as well as symptoms related to brain tumors like visual 

disorders and motor dysfunction.

CONCLUSION—Global QOL of long-term survivors of pediatric LGGs is similar to that of a 

reference population of healthy adults. The following tumor and treatment related factors were 

most consistently associated with poorer QOL: CNS tumor location, post-operative radiation, and 

tumor recurrence. Future studies are necessary to identify strategies to improve QOL in this 

subgroup of patients.
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INTRODUCTION

Health-related quality of life (HRQOL) is an important outcome measure in the treatment of 

patients with all types of cancers and QOL in childhood cancers in particular has become the 

focus of recent studies [1, 2]. Pediatric Low-Grade Gliomas (LGGs) consist of a 

heterogeneous set of tumors with histologic subtypes that differ in their degree of 

infiltration, relative aggressiveness and prognosis. In contrast to adult LGGs which are much 

more aggressive with a poorer prognosis [3], the majority of pediatric LGGs do not undergo 

malignant transformation. Furthermore, advances in imaging technologies and 

multimodality therapy using surgery, chemotherapy, and radiation therapy (RT) have 

achieved greater than 90% survival rates at 10 years [4-7]. The excellent prognosis of 

pediatric LGGs warrants the understanding of long-term effects of various treatment 

modalities. While studies assessing QOL in pediatric patients with varying subtypes of CNS 

tumors have used different tools [8-10], the most appropriate tool to measure HRQOL in this 

population remains to be determined. Nevertheless, most providers agree that HRQOL of 

these patients may become significantly compromised; therefore, identifying contributing 

factors affecting HRQOL and potentially intervening at an early stage in this population is 

necessary. To date, the literature on HRQOL for long-term survivors of pediatric LGGs is 

limited. The purpose of this study was to evaluate HRQOL in survivors of pediatric LGGs, 

diagnosed at Mayo Clinic between 1970 and 2009 using adult HRQOL instruments and to 

assess the relative contributions of patient symptoms, tumor characteristics, and various 

treatment modalities on HRQOL.

MATERIALS AND METHODS

Patient Identification

This study retrospectively analyzed 351 consecutive pediatric patients with pathology-

proven LGG from the Mayo Clinic Tumor Registry database. Eligible patients were 

diagnosed with either the World Health Organization (WHO) grade 1 or 2 tumor between 
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1970 and 2009 and were 21 years or younger at the time of diagnosis [11]. Patients included 

in this study had a minimum of 3-year follow-up at the time of data collection. Of the 351 

identified patients, 37 patients had passed away at time of survey distribution. Surveys were 

mailed to 314 eligible patients whose vital statuses were confirmed using the cancer registry 

database as well as the social security death Index (SSDI). An additional 5 patients had 

passed away at the time of the assessment and one patient was lost to follow-up. At the time 

of assessment, it was noted that 2 of the participants were within 5 year of the initial 

diagnosis, 5 participants were within 10 years of the initial diagnosis and the remainder of 

the participants were greater than 10 years post initial diagnosis, with the majority between 

15 and 30 years. The study participants were subsequently referred to as long-term survivor. 

Patients either signed the consent form or a surrogate signature was accepted if the patient 

was unable to sign at the time of survey distribution. Patient-related and treatment-related 

data were extracted from the medical record. The Mayo Clinic Institutional Review Board 

approved this study.

Outcome measures

Patients (n=314) who met the above criteria were mailed the QOL Questionnaire version 3 

(EORTC-QLQ-C30), supplemented by the EORTC QLQ-BN20, which was specifically 

developed and validated for patients with brain tumors [12, 13]. EORTC-QLQ-C30 is a self-

reported 30-item questionnaire organized into a global QOL score, 5 functional subscales 

(physical, role, emotional, cognitive, and social), three symptom scales (fatigue, nausea/

vomiting, and pain), and six single item symptoms (dyspnea, insomnia, appetite loss, 

constipation, diarrhea, and financial burden). EORTC-QLQ-BN20 is a 20-item 

questionnaire assessing symptoms related to brain tumors including visual disorder, motor 

dysfunction, disease symptoms (such as headaches and seizures), treatment toxicities (such 

as hair loss), and future uncertainty. Each item has four response alternatives except for the 

global health-status/QOL scale, which has response options ranging from (1) “very poor” to 

(7) “excellent”. The reported scores were transformed to a linear scale (1-100) based on the 

recommended EORTC protocol [14, 15].

Statistical analysis

Comparison of baseline demographic and clinical characteristics between participants and 

non-participants were conducted using t-tests and the ANOVA test. Log-rank tests were 

used to compare overall and progression free survival between participants and non-

participants. Univariable analysis was used to determine the association between all 

potential patient, tumor, or treatment related factors and QLQ-C30 and BN20 scores. 

Continuous and categorical variables were tested using linear regression and ANOVA tests, 

respectively. All pairwise comparisons were made using the Tukey-Kramer HSD for 

multiple comparison adjustments to control type 1-error rates. Statistical significance was 

set at P< 0.05. Clinical significant differences were defined by differences in scores >10 

points, while changes >20 points were classified as large effects [13]. Factors that showed a 

clinically relevant association with quality of life, and were statistically significant in the 

univariable analyses, were entered into a multivariable generalized linear model analysis. 

Analyses were performed using the JMP statistical software (JMP.LNK)

Nwachukwu et al. Page 3

J Neurooncol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



RESULTS

Patient Characteristics

The baseline characteristics of the entire patient cohort are presented in Table 1. Of 314 

LGG patients, 38.5% (n=121) returned the survey and were included in the data analysis, 

nine surveys were signed and filled out by a guardian. The median follow-up was 21.9 years 

for the participants compared to 7.4 years in the non-participants. More male than female 

participants declined to participate in the survey. There were no statistically significant 

differences between the participants and the non-participants with regards to the median age 

at diagnosis, tumor histology, grade, primary CNS tumor location, tumor laterality, and 

presenting symptoms such as seizures, headaches, motor weakness, or sensory 

abnormalities. Seventy-seven percent of the survey participants had a gross total resection 

(GTR) compared to 62% in the non-participants (p=0.005). Nineteen percent of study 

participants had a subtotal resection (STR) and 4% had a biopsy only. There was no 

difference between the two groups based on post-operative treatment. Absence of tumor 

recurrence was higher in the survey participants compared to non-participants (75% vs. 

63%, p=0.003). A trend toward longer median overall-survival in the participants, but no 

difference in progression-free survival, was observed (Table 1).

Baseline QLQ-C30 and BN20 scores

In both EORTC modules, a higher scaled score represents a higher response level (highest 

scaled score is 100). Therefore, a high score for global health status represents a high QOL. 

A high score for a functional subscale represents a healthy level of functioning, while a high 

score for a symptom subscale or item represents higher level of symptomatology [15]. Over 

half of the patients had global QOL scaled scores of 83 or greater. The end point of the 

global health status was “very poor” or an un-scaled score of 0 and no patient reported their 

quality of life to be “very poor”. Based on the QLQ-C30 functional scale, the mean scores 

for self-reported cognitive (84), emotional (80), and social functioning (87) were lower than 

reported for role (91) and physical functioning (92). These values are similar to the mean 

scores reported for a reference population of healthy adults [16] (Table 2). Self-reported 

symptoms of fatigue, pain and insomnia were the highest mean scores reported on the QLQ-

C30 symptom subscale or item. Nevertheless, the mean scores remained were very similar 

between the study participants and the reference population except for higher financial 

burden reported in the study participants (16 vs. 4.4). The highest mean scores using the 

BN20 subscales were for self-reported symptoms of motor dysfunction, communication 

difficulties, headache, and drowsiness (Table 2).

QLQ-C30 scores and tumor related factors

Table 3 presents all variables listed in Table 1 that were tested for associations with patient 

reported QOL. Multiple variables were found to have both a clinically and statistically 

significant association with the QLQ-C30 subscales. Patients who presented with motor 

weakness compared to no motor weakness reported more difficulty with role functioning 

(mean 84 vs. 94, p=0.020), while those who presented with sensory loss compared to no 

sensory loss reported more insomnia (25 vs. 13, p=0.016). Patients with bilateral/midline 

tumors reported increased fatigue compared to those with right-sided tumors (26 vs. 13, 
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p=0.025). Patients with deep tumors also reported increased fatigue compared to those with 

cortical tumors (26 vs. 10, p=0.003). Additionally, patients with deep tumors reported lower 

cognitive functioning compared to patients with cortical or cerebellar tumors (71 vs. 87 vs. 

86, p=0.042). While QLQ-C30 scores were not significantly associated with the extent of 

resection, post-operative radiation therapy (PORT) had a substantial effect on self-reported 

QOL subscales. Patients who received PORT reported more difficulty with physical (80 vs. 

95, p=0.002) and role (79 vs. 94, p=0.004) functioning as wee as increased symptoms of 

constipation (20 vs. 4, p= 0.001) compared to those who did not receive PORT. Finally, 

patients who experienced a tumor recurrence reported increased difficulty with role (83 vs. 

94, p=0.016) and social functioning (80 vs. 90, p=0.040), as well as increased financial 

burden (25 vs. 13, p=0.029) (Table 3).

Brain-specific scores and tumor related factors

Similar to QLQ-C30 scores, multiple variables were found to have both a clinically and 

statistically significant effect on QLQ-BN20 scales. The median age of the patients at the 

time of assessment was 33 years. Older patients reported more visual disorders complaints, 

similar to patients with follow-up times greater than the median of 21.9 years. Notably, this 

was not related to the age at diagnosis. Male patients reported more headaches than female 

patients (mean 21 vs. 11, p=0.008). More reports of motor dysfunction were associated with 

patients who initially presented with motor weakness compared to patients without initial 

symptoms of motor weakness (25 vs. 12, p=0.006). Patients with deep tumors reported more 

bladder control problems than patients with tumors in the cortical location (24 vs. 4, 

p=0.016). Interestingly, patients managed with either an STR or biopsy also reported more 

bladder control problems (23 vs. 5, p< 0.001) compared to those treated with GTR. Patients 

who received radiation reported more symptoms of visual disturbances (19 vs. 6, p=0.002), 

motor dysfunction (28 vs. 12, p=0.006), leg weakness (22 vs. 5, p=0.001), and bladder 

control (30 vs. 4, p<0.001) compared to those not treated with PORT. Finally, patients who 

experienced a tumor recurrence reported more problems with leg weakness (15 vs. 5, 

p=0.038) (Table 4).

Multivariable Analysis

Patient or tumor related factors, that showed a clinically and statistically significant 

association with QOL subscales, were entered into a multivariable model (Table 5). Motor 

weakness (p=0.039), RT (p=0.005), and tumor recurrence (p=0.015) were all significantly 

associated with decreased role functioning. Only CNS tumor location (p=0.016) was 

associated with more reports of fatigue. Visual disorders were significantly associated with 

RT (p=0.010) and follow-up greater than 21 years (p=0.039), but not with older age at 

survey completion. Tumor location (p=0.026) and RT (p=0.018) were associated with more 

motor dysfunction. Leg weakness was significantly affected by RT (p=0.001) and tumor 

recurrence (p=0.033). Finally, RT alone maintained an association with bladder control 

problem (p=0.001) (Table 5).
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DISCUSSION

Pediatric LGGs account for the majority of brain tumors in children [17]. These patients 

have an excellent prognosis with 10 year overall survival rates greater than 90%; however, 

QOL data in long-term survivors is scarce. In this study, the majority of participants (95%) 

had survived for greater than 10 years since the initial diagnosis. Based on EORTC-QLQ-

C30, overall excellent QOL in both functional and symptom subscales were observed. The 

factors that consistently affected QOL subscales included tumor location, presence of 

recurrence and PORT.

Comparison of the study results to a reference population of independently functioning 

healthy adults, showed no significant difference in baseline QOL scores in QLQ-C30 

domains except for increased financial burdens [16], which is likely due to expenses related 

to cancer care. Reports assessing QOL in pediatric patients have demonstrated lower overall 

QOL in children with CNS tumors compared to their healthy counterparts [9, 18]; however, 

those patients were either undergoing or within one year of treatment completion, while the 

majority of the participants in this study were several years post treatment. In comparison to 

previously published reports of adult patients with LGGs, the current study of adult 

survivors of pediatric LGGs appear to have better overall QOL scores. The role, cognitive, 

and emotional functioning scores were all 10 points greater compared to the adult LGG 

studies. Symptom scores were also comparatively lower [19, 20]. These differences may be 

attributed to the length of time since treatment completion and assessment, as long-term 

survivors tend to document a better quality of life [21]. In addition, variable tumor histology 

may also be a contributing factor as pediatric patients are diagnosed with a higher frequency 

of indolent low grade gliomas in contrast to the low grade diffuse astrocytomas reported in 

adults [6]. Thus, the tumor histology may favor a better prognosis, and a better overall QOL 

in pediatric LGG patients. Studies have reported that pediatric patients with CNS tumors 

have overall lower QOL than pediatric patients undergoing leukemia treatment [8, 9]. In 

contrast, the current study population reports higher QOL functional scores in comparison to 

adult long-term survivors of acute myeloid leukemia (AML). The role, emotional, and social 

functioning scores were all 10 points greater. Symptom scores were also comparatively 

lower [22]. These differences may be attributed to time of assessment since initial diagnosis 

as the median follow-up in this study was 21.9 years and the median follow up in the AML 

study was 8 years.

In general, fatigue is a common complaint among long-term survivors of LGGs and brain 

tumor patients [19, 23, 24]. Insomnia or some sort of sleep disorder has been reported as a 

common phenomenon among new diagnosed or recently treated cancer patients at rates 

significantly higher than in non-cancer patients [25, 26]. Although the study participants 

reported high mean scores for fatigue and insomnia, these scores were not different from the 

scores reported by the reference population. The lack of an observed difference may be 

because patients can often adjust to a new way of life with symptoms like fatigue and in 

subjective questionnaires may not be report it as burdensome, whereas other symptoms like 

pain may be more difficult to ignore. Furthermore, only a small percentage of participants 

reported high scores (scaled score great than 50) for fatigue (7%) and insomnia (9%). 

Hence, the numbers might be too small to tease out real differences. Even so, identification 
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of the subset of patient who are prone to fatigue and sleep disturbances, given that they are 

are particularly worrisome factors that affect QOL, can be met with early intervention and 

education from providers.

Overall, the study participants reported excellent QOL with regard to physical and role 

functioning; however, RT was a predictor of lower physical and role functioning. Role 

functioning assesses limitations in work or in leisure activities, whereas physical functioning 

assesses daily activities including self-care. Patients who received RT likely harbored 

tumors not initially amenable to a GTR and required more intensive treatments. Similarly, it 

has been reported that long term adult survivors of pediatric tumors who were treated with 

intense multimodality treatment, tend to report excess physical morbidity [29]. This group of 

patients and their family may benefit from early interventions to assist with activities of 

daily living.

The lack of cognitive decline in patients’ receiving RT has been previously documented 

[30]. Similarly, RT was not associated with lower self-reported cognitive function in this 

study. Deep tumor location was the only factor associated with lower self-reported cognitive 

functioning; however, the long-term effects of RT are well known. For example, cognitive 

decline has been reported in long-term survivors of adult LGGs who received RT [31]. It is 

possible that patients’ subjective perception of their cognitive status may not reflect their 

true cognitive capabilities, as incongruences have been reported between self-reported 

cognitive function and formal neurocognitive tests [32, 33], with patients over-estimating 

their neurocognitive abilities. Additionally, tumor location may also be an important 

determinant of cognitive function since lower self-reported cognitive functioning was seen 

in patients with deep tumors who would not have been candidates for surgical resection.

Radiation therapy was the only independent predictor of bladder control problem. This was 

an unexpected finding and review of the literature revealed that worse bladder control 

problems were reported in patients with poor karnofsky performance or progressive disease 

[36, 37]. One possibility is that patients’ who received RT are likely patients with 

progressive disease. It is also possible that RT could lead to disruption of afferent or efferent 

innervations important in controlling micturition as studies have shown deactivated 

micturition in brain control areas of patients with incontinence problems [38, 39]. Further 

studies are needed to follow-up this observation. RT was also an independent predictor of 

motor dysfunction in the multivariable analysis and because the tumor location determines 

the extent of surgery and by extension the post-operative course, tumor location may 

represent a more important factor in influencing QOL.

Our study has some limitations. Although our sample size is one of the largest reported in a 

QOL study for long-term survivors of pediatric LGGs, the number of patients receiving 

adjuvant chemotherapy or RT is limited. Since pediatric LGGs have an overall excellent 

prognosis, a multicenter study may be needed to validate the results in an attempt to 

understand the effects of these adjuvant treatments. Also, we only had a 38% participation 

rate. It is possible that non-participants had significantly different QOL than the participants 

and the analysis may have been biased towards those with an overall better QOL and may 

limit the generalizability of these results. Another limitation is the lack of objective means to 
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perform neurocognitive testing in our patient cohort. It is possible that the questionnaire 

does not adequately address neurocognitive functioning and formal objective testing of 

cognitive function in the future is warranted. In the absence of any prospective data, with a 

longer follow-up, this study provides some insight into functioning of long-term survivors of 

childhood LGGs.

CONCLUSION

This study to analyze the health related QOL in long term survivors of pediatric LGGs. 

Adult survivors of pediatric LGGs have QOL scores similar to a reference population of 

healthy adults. RT is significantly associated with a decreased QOL in the domains of 

physical and role functioning but not in cognitive functioning. Radiation treatment remained 

an independent predictor of visual disorder, motor dysfunction, weak legs, and bladder 

control- all parameters specifically associated with brain tumors. Deep tumors are associated 

with lower self-reported cognitive functioning. Further studies are necessary to determine 

whether supportive therapy or early interventions can improve or ameliorate the observed 

symptoms and improve HRQOL in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic and Clinical characteristics of Pediatric LGG Patients

Baseline Characteristics
Non-participants

No. of patients (%) n=230
Participants

No. of patients (%) n=121
P-value

Age at Diagnosis, (yrs.)

 Mean 10.43 11.2

 Median 10.5 11.8 0.201

 Range 0.05-19.0 0.9-19.6

Age at Survey completion, (yrs.)

 Mean 32 33.5 0.243

 Median 31 33

 Range 0.005-35.6 18--60

Follow-up, (yrs.)

 Mean 9.2 11 0.052

 Median 7.4 21.9

 Range 0.005-36.1 2.5-41.4

Gender

 Female 95(41.3) 64 (53) 0.038*

 Male 135(58.7) 57 (47)

Seizures a

 Yes 93(40) 45(37) 0.475

 No 135(59) 76(63)

 Unknown 2(1) 0(0)

Headaches a

 Yes 108(47) 67(55) 0.155

 No 120(52) 54(45)

 Unknown 2(1) 0(0)

Motor Weakness a

 Yes 55(24) 35(29) 0.365

 No 173(75) 86(71)

 Unknown 2(1) 0(0)

Sensory Symptoms a

 Yes 60(26) 27(22) 0.420

 No 168(73) 94(78)

 Unknown 2(1) 0(0)

Histology

 Glioma b 104(45) 51(42) 0.594

 Pilocytic Astrocytoma 106(46) 62 (51)

 Subependymal Giant Cell Astrocytoma/other 20(9) 8 (7)

Grade

 I 133(57) 77(64) 0.291

 II 97(42) 44(36)
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Baseline Characteristics
Non-participants

No. of patients (%) n=230
Participants

No. of patients (%) n=121
P-value

Primary CNS location

 Brain Stem 7(3) 2 (2) 0.108

 Cerebellum 52(23) 41 (34)

 Cortical 86(37) 46 (38)

 Deep Structure 66(29) 22 (18)

 Multiple 17(7) 10 (8)

 Spinal Cord 2(1) 0(0)

Laterality

 Bilateral/ Midline/ other 61(27) 29 (24) 0.844

 Left 78(34) 44 (36)

 Right 91(39) 48 (40)

Extent of Resection

 Biopsy (BX) 32(14) 5 (4) *0.005

 Gross Total resection (GTR) 143(62) 93 (77)

 Subtotal (STR) 55(24) 23 (19)

Post-operative Treatment

 Observation 164(71) 97 (80) 0.286

 Radiotherapy 55(24) 21 (17)

 Radiotherapy +Chemotherapy 5(2) 2 (2)

 Chemotherapy 6(3) 1(1)

Tumor Recurrence

 Yes 66(29) 30(25) *0.003

 No 146(63) 91(75)

 Unknown 18(8) 0(0)

Survival

 PFS Survival 7.6 8.7 0.183

 Overall Survival 9.22 11 0.052

a
Represents patient presenting symptoms.

b
Include WHO grade II tumors: astrocytoma NOS, mixed oligoastrocytoma, oligodendrioma, tectal glioma, and angiocentric astrocytoma. PFS, 

Progression Free survival.

*
represents statistically significance variable (P<0.05)
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Table 2

Comparison of QOL baseline score with published data [17] EORTC QLQ-C30 and BN20 scales and items. 

Presented with mean score, standard deviation and median scores

Variable Nwachukwu et. al
Mean (SD) Median (IQR)

Deroger et al [17]
Mean (SD)

QLQ-C30 domaina

Global 78 (18) 83 (67-92) 76.4 (22.8)

Functional Scales

 Physical 92(21) 100(93-100) 88.0 (18.3)

 Role 91(23) 100(100-100) 88.2 (23.9)

 Emotional 80(23) 83(67-100) 85.8 (18.7)

 Cognitive 84(21) 83(83-100) 88.1 (16.9)

 Social 87(25) 100(83-100) 91.2 (19.0)

Symptoms Scales

 Fatigue 17(20) 11(0-22) 19.1 (21.7)

 Nausea/Vomiting 2(7) 0(0-0) 2.6 (9.3)

 Pain 10(21) 17(0-17) 18.9 (25.7)

 Dyspnea 7(16) 0(0-0) 16.3 (24.3)

 Insomnia 15(23) 0(0-33) 17.5 (25.9)

 Appetite Loss 6(18) 0(0-0) 3.3 (12.8)

 Constipation 8(20) 0(0-0) 5.4 (6.1)

 Diarrhea 7(18) 0(0-0) 5.6 (15.9)

 Financial 16(29) 0(0-33) 4.4 (16.2)

QLQ-BN20 domain b

 Overall 12(14) 7(2-15)

 Future Uncertainty 0(0.17) 0(0-0.17)

 Visual Disorders 9(18) 0(0-11)

 Motor Dysfunction 15(25) 0(0-22)

 Communication Difficulty 15(23) 0(0-22)

 Headaches 17(22) 0(0-33)

 Seizures 5(16) 0(0-0)

 Drowsiness 20(25) 0(0-0)

 Itchy Skin 8(19) 0(0-0)

 Hair Loss 9(21) 0(0-0)

 Weak Legs 8(23) 0(0-0)

 Bladder Control 9(25) 0(0-0)

a
For QLQ-C30 functional subscales -higher values reflect higher functioning or better quality of life; symptom subscales- lower scores reflect less 

symptomatology.

b
For BN-20 domain, higher scores reflect greater degree of dysfunction
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Table 5

Results of multivariable analysis of QLQ-C30 and QLQ-BN20 parameters

QLQ-C30 Subscales

Role functioning Fatigue (Symptom)

Independent variables _

Motor weakness 0.039* _

CNS tumor location _ 0.016*

Radiation therapy 0.005* _

Tumor Laterality _ 0.191

Tumor Recurrence 0.015*

QLQ-BN20 Subscales

Visual Disorder Motor Dysfunction Weak Legs Bladder control

Independent variables

Follow-up > 21.9 years a 0.039* _ _ _

Age at Survey completion >33yearsb 0.201 _ _ _

Motor weakness _ 0.102 _ _

CNS Tumor location _ 0.026* _ 0.084

Radiation Therapy 0.010* 0.018* 0.001* 0.001*

Extent Resection _ _ _ 0.119

Tumor Recurrence _ _ 0.033* _

*
represents statistically significance variable (P<0.05)

a
21.9 is the median at follow-up time.

b
33 years is the median age at survey completion.

_ represents factors not used in the multivariate model.
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