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A B S T R A C T

Aims: The psychometric properties of the EORTC QLQ-BN20, a brain cancer-specific HRQOL

questionnaire, have been previously determined in an English-speaking sample of patients.

This study examined the validity and reliability of the questionnaire in a multi-national,

multi-lingual study.

Methods: QLQ-BN20 data were selected from two completed phase III EORTC/NCIC clinical

trials in brain cancer (N = 891), including 12 languages. Experimental treatments were sur-

gery followed by radiotherapy (RT) and adjuvant PCV chemotherapy or surgery followed by

concomitant RT plus temozolomide (TMZ) chemotherapy and adjuvant TMZ chemother-

apy. Standard treatment consisted of surgery and postoperative RT alone. The psychomet-

rics of the QLQ-BN20 were examined by means of multi-trait scaling analyses, reliability

estimation, known groups validity testing, and responsiveness analysis.

Results: All QLQ-BN20 items correlated more strongly with their own scale (r > 0.70) than

with other QLQ-BN20 scales. Internal consistency reliability coefficients were high (all

a P 0.70). Known-groups comparisons yielded positive results, with the QLQ-BN20 distin-

guishing between patients with differing levels of performance status and mental function-

ing. Responsiveness of the questionnaire to changes over time was acceptable.

Conclusion: The QLQ-BN20 demonstrates adequate psychometric properties and can be rec-

ommended for use in conjunction with the QLQ-C30 in assessing the HRQOL of brain can-

cer patients in international studies.

� 2010 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.

t of Neurology/Neuro-Oncology, Medical Centre Haaglanden, P.O. Box 432, Lijnbaan 32, 2501
0 3302000; fax: +31 70 3303113.
en.nl (M.J.B. Taphoorn).

http://dx.doi.org/10.1016/j.ejca.2010.01.012
mailto:m.taphoorn@mchaaglanden.nl
www.sciencedirect.com
http://www.ejconline.com


1034 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 0 3 3 – 1 0 4 0
1. Introduction

The incidence of brain tumours is low compared to other

common cancer sites such as breast and lung. Primary brain

tumours account for only 2–3% of all cancers in adults.1 How-

ever, despite its low incidence, brain cancer is a disease char-

acterised by severe symptoms and poor prognosis. Currently,

efforts at developing new therapeutic strategies in brain can-

cer are focused on prolonging survival. However, these treat-

ments may increase neurotoxicity2 and thereby negatively

affect health-related quality of life (HRQOL). Special concerns

exist with regard to cognitive dysfunction and personality

changes.3 Consequently, clinical benefits of any new treat-

ment should be weighed against treatment side-effects that

adversely influence patients’ HRQOL.

In assessing the HRQOL of brain cancer patients it is

important to use well-validated instruments. Today, the most

widely used brain cancer-specific HRQOL questionnaires are

the brain subscale of the Functional Assessment of Cancer

Therapy (FACT-Br)4 and the EORTC brain cancer-specific Qual-

ity of Life Questionnaire (QLQ-BN20).5

The QLQ-BN20 has previously been tested in English-

speaking samples, and has been demonstrated to have ade-

quate psychometric properties.5 The purpose of the study re-

ported here was to examine the validity and reliability of the

QLQ-BN20 in an international setting, in multiple languages.

2. Patients and methods

2.1. Patients

In this study we used data derived from two phase III EORTC/

NCIC cancer clinical trials (EORTC Protocol 269516 and 268917).

These studies were merged in order to create a large dataset

(N = 941) in an international and cross-cultural setting.

Trial 26951 included 368 patients with newly diagnosed

highly anaplastic oligodendroglioma (i.e. anaplastic oligoden-

droglioma or anaplastic oligo-astrocytoma), who were ran-

domly assigned to either six cycles of adjuvant Procarbazine-

CCNU-Vincristine (PCV) chemotherapy beginning 4 weeks

after postoperative external radiation therapy (RT) (experi-

mental arm) or to postoperative RT only (control arm). Trial

26981 included 573 patients with newly diagnosed glioblas-

toma multi-forme (GBM), who were randomly assigned to

either postoperative external RT in combination with temozol-

omide (TMZ) chemotherapy and subsequently six additional

courses of TMZ (experimental arm) or postoperative RT only

(control arm). In both studies, patients had been stratified by

institution, performance status (WHO 0–1–2), age (640 and

>40 in trial 26951; <50 and P50 in trial 26981), and extent of

resection at surgery (biopsy only versus debulking surgery/

resection). Details of the two trials have been reported else-

where,6,7 as have the longitudinal HRQOL data.8,9 Also, the

prognostic value of HRQOL data has been published.10,11

2.2. Sample size

By merging the data from these two trials, an overall sample

size of 941 brain cancer patients was obtained, of which 891

had at least one valid HRQOL measurement. This sample size
exceeds the recommendation of at least 10 cases per item in

multi-variate statistical modelling.12

2.3. Questionnaires and data collection

In both trials, HRQOL was assessed with the EORTC QLQ-C30

(version 3.0) and the EORTC QLQ-BN20. The QLQ-C30 is the

EORTC’s core HRQOL questionnaire that assesses a range of

functional outcomes and symptoms relevant to a wide range

of cancer populations.13 The QLQ-BN20 was developed as a

site-specific supplement to the QLQ-C30 for use amongst brain

cancer patients undergoing chemotherapy or RT. It addresses

symptoms that are specific to brain cancer or its treatment.5

The HRQOL assessments took place after surgery and be-

fore the start of RT (baseline), 4 weeks after the end of RT

(after RT), and every 3 months after the initiation of chemo-

therapy until tumour progression (1st follow-up, 2nd follow-

up, etc.). The three monthly follow-up HRQOL assessments

in trial 26981 only applied to the first year following RT. A

six monthly assessment interval was used thereafter.

2.4. Hypothesised scale structure

The QLQ-BN20 consists of four multi-item scales that address:

future uncertainty (four items); visual disorder (three items);

motor dysfunction (three items); and communication deficit

(three items). Additionally, seven single items assess head-

aches, seizures, drowsiness, hair loss, itchy skin, weakness

of legs, and bladder control. All items and scale scores of

the QLQ-BN20 are linearly transformed to a 0–100 scale, with

higher scores reflecting more severe symptoms.

Details of the development and initial field-testing of the

QLQ-BN20 in an English-speaking population (N = 105) have

been previously published.5 The results generally supported

the validity and reliability of the questionnaire.

2.5. Statistical analysis

2.5.1. Multi-trait scaling
Multi-trait scaling was employed to examine the hypothe-

sised scale structure of the QLQ-BN20. To test for item-scale

convergent validity, correlations of 0.40 or greater were

sought between an individual item and its scale, corrected

for overlap. Item-scale discriminant validity was examined

by comparing the correlation of each item with its own scale

versus other scales. An item was expected to correlate signif-

icantly higher (at least 2 standard errors) with its own scale

than with other scales.

Additionally, the internal consistency reliability of the

QLQ-BN20 multi-item scales was calculated with Cronbach’s

alpha coefficient. An a P 0.70 is considered acceptable for

group comparison.14

2.5.2. Clinical validity
The known groups validity of the QLQ-BN20 was tested by

examining the extent to which the questionnaire could dis-

tinguish clearly between groups of patients. First, it was

hypothesised that patients with higher PS (WHO 0/1) would

report lower levels of physically-oriented symptoms than

patients with lower PS (WHO 2 or 3). Second, patients with



E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 0 3 3 – 1 0 4 0 1035
higher MMSE15 scores (P27) were expected to report fewer

communication deficits than patients with lower MMSE

scores (<27). Third, it was hypothesised that, because they

were receiving additional, more intensive treatment, patients

in the experimental treatment arms would report lower levels

of future uncertainty than those in the standard treatment

arms. Finally, patients with grade 1–3 CTC toxicity as rated

by the physician for alopecia and rash were expected to report

more problems with hair loss and itchy skin than patients

without these toxicities. Group differences were assessed

using the Wilcoxon rank sum test at multiple points in time.

To examine the responsiveness of the QLQ-BN20, changes

in selected scales from baseline to first follow-up were exam-

ined in light of changes in performance status over the same

period (stable/improved versus deteriorated) using Fisher’s

Exact test. Also, changes in future uncertainty scores were

examined over time using ANOVA. It was expected that, as

a result of successful coping, patients would report less

uncertainty about the future over time.

Finally, the construct validity of the QLQ-BN20 was exam-

ined by calculating the correlations between its scales and

those of the QLQ-C30. Although the QLQ-BN20 is intended to

generate information not captured by the QLQ-C30, it was ex-

pected that a number of the scales from these questionnaires

would be moderately correlated (r > 0.40) (e.g. the future

uncertainty scale of the QLQ-BN20 with the emotional func-

tioning scale of the QLQ-C30). Conversely, scales from the

two questionnaires with less conceptual overlap (e.g. the mo-

tor dysfunction scale of the QLQ-BN20 with the cognitive func-

tioning scale of the QLQ-C30) were expected to exhibit much

lower correlations (r < 0.40). Correlations between these scales

of these two questionnaires would be relatively modest.

3. Results

3.1. Patient characteristics

Of the total sample of 941 brain cancer patients from the two

clinical trials, 891 (94.7%) completed at least one HRQOL

assessment and were included in the analysis. These patients

were enroled by 119 institutions from 15 countries. Baseline

socio-demographic and clinical characteristics for these 891

patients (see Table 1) were very similar to those of the total

sample (data not shown).

3.2. Questionnaire completion rates

Based on the total patient sample (N = 941) the baseline ques-

tionnaire completion rate was 83%. HRQOL completion rates

for other time points ranged from 61% (after RT) to 66% (first

follow-up). Missing QLQ-BN20 data were due, in part, to the

absence of suitable translations into several languages (Hun-

garian and Finnish). The mean number of missing QLQ-BN20

items at baseline was 5.8%, with ‘hair loss’ (12.7%) and ‘itchy

skin’ (8.5%) being the principal missing items.

3.3. QLQ-BN20 descriptive statistics

Mean scores and standard deviations at baseline and after RT

for all QLQ-BN20 items are provided in Table 2. Items related
to the future uncertainty scale had the highest mean scores at

both time points. Both minimum (1) and maximum (4) re-

sponse values were recorded at each time point in all items.

However, most answers were skewed to the low end of the re-

sponse scales as patients tended to report either 1 ‘not at all’

or 2 ‘a little’ for most symptoms or dysfunctions. At baseline

and after RT, the ‘seizures’ item had the lowest mean score

when compared to all other QLQ-BN20 items. Less than 15%

of all patients reported seizures at all (i.e. during the week

previous to each questionnaire completion). A clear score in-

crease was observed with respect to ‘hair loss’ and ‘itchy skin’

after RT, in contrast to the other items that showed relatively

stable mean scores over time.

3.4. QLQ-BN20 scale structure

Overall, the hypothesised QLQ-BN20 scale structure was

supported by multi-trait scaling analyses. At both baseline

and following RT, item-scale correlations indicated that

each item correlated significantly stronger with its own scale

(range = 0.71–0.92) than with other scales (range = 0.03–0.73)

(Table 3). Inter-scale correlations indicated no problematic

overlap between the QLQ-BN20 scales (data not shown). How-

ever, the ‘weakness of legs’ item and the motor dysfunction

scale (three items) correlated moderately (r = 0.57 at baseline

and 0.64 after RT). This was mainly attributable to ‘weakness

of legs’ being correlated strongly to one item within the motor

dysfunction scale: i.e. ‘feeling unsteady on your feet’ (r = 0.68

at baseline and 0.73 after RT, see Table 3). Feeling unsteady on

your feet may be caused by weakness of one or both legs, as

well as by weakness of one side of the body. An additional

exploratory analysis was undertaken to control for corticoste-

roid use at trial entry, since the use of corticosteroids is re-

lated to experiencing weakness of both legs but not to

(focal) motor dysfunction. However, use of corticosteroids

had no impact on the correlation between either the QLQ-

BN20 scale or item (data not shown). Finally, patients with a

maximum score on the QLQ-BN20 item blurred vision re-

ported to have no double vision at all in approximately one-

third of all cases (10 out of 33), thereby diluting the overall vi-

sual disorder scale score. Nonetheless, the internal consis-

tency reliability was acceptable (a P 0.71).

The reliability (internal consistency) of the QLQ-BN20 met

the preset criteria, with Cronbachs coefficient alpha ranging

from 0.71 to 0.90 based on baseline data (Table 3). Similar re-

sults were observed at the post-RT assessment (data not

shown).

3.5. Clinical validity

3.5.1. Known-group comparisons
Patients with a better WHO PS (score of 0 or 1) reported signif-

icantly lower scores (i.e. fewer symptoms and less dysfunc-

tion) than those with poorer PS (score of 2 or 3) on the

majority of QLQ-BN20 scales/items, including future uncer-

tainty, visual disorder, motor dysfunction, communication

deficit, drowsiness, weakness of legs and bladder control (all

p-values < 0.01) at both baseline and first follow-up (Table 4).

No statistically significant differences between PS groups

were observed for headaches, seizures, hair loss, or itchy skin.



Table 1 – Baseline socio-demographic and clinical characteristics of the sample N = 891 patients).

Variable Treatment Total (N = 891)

RT/PCV (N = 175) 95 RT (N = 175) 98 RT (N = 269) RT+TMZ (N = 272)
N (%%) N (%%) N (%%) N (%%) N (%%)

Age
Median 48.5 49.8 55.9 55.7 52.9
Range 18.6–68.7 19.2–68.7 23.1–70.8 18.6–70.5 18.6–70.8

Sex
1. Male 101 (57.7) 107 (61.1) 163 (60.6) 176 (64.7) 547 (61.4)
2. Female 74 (42.3) 68 (38.9) 106 (39.4) 96 (35.3) 344 (38.6)

PFS (WHO)
0 73 (41.7) 56 (32.0) 104 (38.7) 109 (40.1) 342 (38.4)
1 75 (42.9) 89 (50.9) 132 (49.1) 127 (46.7) 423 (47.5)
2 26 (14.9) 28 (16.0) 33 (12.3) 36 (13.2) 123 (13.8)
Missing 1 (0.6) 2 (1.1) 0 (0.0) 0 (0.0) 3 (0.3)

Mini mental state examination
Median 28.0 28.0 29.0 29.0 29.0
Range 14.0–30.0 6.0–30.0 7.0–30.0 2.0–30.0 2.0–30.0

Type of surgery
Biopsy only 25 (14.3) 23 (13.1) 42 (15.6) 43 (15.8) 133 (14.9)
Partial resection 93 (53.1) 79 (45.1) 123 (45.7) 120 (44.1) 415 (46.6)
Total resection 57 (32.6) 73 (41.7) 104 (38.7) 109 (40.1) 343 (38.5)

Country
The Netherlands 70 (40.0) 64 (36.6) 32 (11.9) 32 (11.8) 198 (22.2)
Canada 0 (0.0) 0 (0.0) 85 (31.6) 82 (30.1) 167 (18.7)
France 47 (26.9) 52 (29.7) 23 (8.6) 25 (9.2) 147 (16.5)
Italy 21 (12.0) 22 (12.6) 20 (7.4) 16 (5.9) 79 (8.9)
Germany 2 (1.1) 3 (1.7) 30 (11.2) 33 (12.1) 68 (7.6)
Belgium 5 (2.9) 5 (2.9) 21 (7.8) 22 (8.1) 53 (5.9)
Switzerland 0 (0.0) 0 (0.0) 23 (8.6) 23 (8.5) 46 (5.2)
United Kingdom 15 (8.6) 13 (7.4) 6 (2.2) 7 (2.6) 41 (4.6)
Austria 5 (2.9) 5 (2.9) 10 (3.7) 11 (4.0) 31 (3.5)
Spain 0 (0.0) 0 (0.0) 7 (2.6) 11 (4.0) 18 (2.0)
Israel 0 (0.0) 0 (0.0) 5 (1.9) 7 (2.6) 12 (1.3)
Hungary 3 (1.7) 7 (4.0) 0 (0.0) 0 (0.0) 10 (1.1)
Sweden 3 (1.7) 3 (1.7) 0 (0.0) 1 (0.4) 7 (0.8)
Finland 4 (2.3) 1 (0.6) 0 (0.0) 0 (0.0) 5 (0.6)
Australia 0 (0.0) 0 (0.0) 2 (0.7) 1 (0.4) 3 (0.3)
Poland 0 (0.0) 0 (0.0) 3 (1.1) 0 (0.0) 3 (0.3)
Slovenia 0 (0.0) 0 (0.0) 2 (0.7) 1 (0.4) 3 (0.3)
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Mini Mental State Examination (MMSE) levels were signif-

icantly related to QLQ-BN20 communication deficit, visual

disorder, motor dysfunction, weakness of legs and bladder

control scores at baseline (all p-values < 0.01). Patients who

scored below 27 on the MMSE reported greater difficulties

on these scales than those who scored at least 27 (p < 0.001).

The hypothesis that patients would report lower future

uncertainty due to receiving additional treatment (experi-

mental arm) was not confirmed. Nor were CTC scores (grade

1–3) for alopecia or rash associated significantly with the

QLQ-BN20 single item measures of hair loss or itchy skin after

RT or first and second follow-up (data not shown).

3.5.2. Responsiveness
Changes in the physically-oriented QLQ-BN20 scale scores

were examined in light of changes in PS scores. Patients

whose PS deteriorated from baseline to first follow-up (scores

shifting from 0–1 to 2–3) showed a significantly larger deteri-

oration in motor dysfunction, drowsiness, visual disorder
and bladder control than patients with a stable course of per-

formance status over time (all p < 0.005). Significant differ-

ences were not found, however, for weakness of legs,

seizures or headaches (Table 5A). As hypothesised, scores

on the future uncertainty scale score improved (i.e. de-

creased) from baseline to first follow-up (on average, by 12

points; p < 0.001) (Table 5B).

3.5.3. Relationship between the QLQ-BN20 and the QLQ-C30
core questionnaire
The four QLQ-BN20 multi-item scales (future uncertainty, vi-

sual disorder, motor dysfunction and communication deficit),

correlated relatively highly with certain QLQ-C30 functioning

scales. The future uncertainty scale correlated quite strongly

with the QLQ-C30 emotional functioning scale (r = )0.645)

and, to a lesser degree, with the global quality of life and so-

cial functioning scales. The communication deficit scale cor-

related highly with the QLQ-C30 cognitive functioning scale

(r = )0.608). The motor dysfunction scale correlated with the



Table 3 – Scale description, multi-trait scaling results and reliability (baseline N = 741; RT N = 462).

QLQ-BN20 scales/single items Number of items Item – own
scale correlation

Item – other
scale correlation

Cronbach’s alpha

BFU (future uncertainty) 4 0.71–0.82 0.05–0.33 0.80
0.74–0.84 0.07–0.43 0.82

BVD (visual disorder) 3 0.72–0.84 0.05–0.39 0.71
0.71–0.86 0.08–0.40 0.74

BMD (motor dysfunction) 3 0.78–0.81 0.05–0.68 0.73
0.80–0.85 0.04–0.73 0.78

BCD (communication deficit) 3 0.89–0.92 0.03–0.35 0.89
0.90–0.92 0.05–0.39 0.90

BHA (headaches) 1 1.00 0.06–0.25
1.00 0.01–0.37

BSE (seizures) 1 1.00 0.00–0.21
1.00 0.05–0.31

BDR (drowsiness) 1 1.00 0.14–0.42
1.00 0.08–0.38

BHL (hair loss) 1 1.00 0.04–0.32
1.00 0.01–0.35

BIS (itchy skin) 1 1.00 0.00–0.32
1.00 0.07–0.35

BWL (weakness of legs) 1 1.00 0.12–0.57
1.00 0.11–0.43

BBC (bladder control) 1 1.00 0.02–0.31
1.00 0.07–0.44

Baseline scores are reported in the first row and scores after RT in the second row, in italics.

Table 2 – Scales descriptive statistics.

QLQ-BN20 scales/single items Number of forms Mean score SD N (%) floor N (%) ceiling Normality

BFU (future uncertainty) 745 36.96 27.07 79 (10.1) 23 (3.0) 0.940
464 30.81 24.98 67 (13.9) 9 (1.9) 0.919

BVD (visual disorder) 746 12.81 18.83 401 (51.5) 3 (0.4) 0.721
462 12.65 18.78 254 (52.8) 2 (0.4) 0.717

BMD (motor dysfunction) 744 17.50 22.20 319 (40.9) 7 (0.9) 0.781
459 17.48 23.31 202 (42.0) 6 (1.2) 0.758

BCD (communication deficit) 742 17.50 24.46 366 (47.0) 37 (4.7) 0.741
460 18.78 24.24 207 (43.0) 21 (4.4) 0.774

BHA (headaches) 740 21.22 26.22 387 (49.7) 25 (3.2) 0.748
457 17.29 24.49 273 (56.8) 13 (2.7) 0.694

BSE (seizures) 738 6.05 18.45 651 (83.6) 11 (1.4) 0.370
455 6.15 18.01 397 (82.5) 6 (1.2) 0.387

BDR (drowsiness) 739 24.00 25.77 332 (42.6) 21 (2.7) 0.784
459 27.16 27.21 184 (38.3) 19 (4.0) 0.806

BHL (hair loss) 680 9.36 22.57 555 (71.2) 21 (2.7) 0.470
456 29.31 34.60 225 (46.8) 51 (10.6) 0.777

BIS (itchy skin) 713 9.16 20.53 570 (73.2) 11 (1.4) 0.503
458 16.59 25.26 290 (60.3) 14 (2.9) 0.674

BWL (weakness of legs) 730 16.03 25.49 482 (61.9) 19 (2.4) 0.660
458 18.63 27.41 279 (58.0) 21 (4.4) 0.691

BBC (bladder control) 740 8.38 20.93 616 (79.1) 14 (1.8) 0.456
460 9.93 23.61 373 (77.5) 17 (3.5) 0.476

Baseline scores are reported in the first row and scores after RT in the second row, in italics.
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Table 4 – Mean scores with standard deviation (SD) for baseline and 1st follow-up for clinically distinct groups.

QLQ-BN20 scales Performance statusa Mini mental state examinationb

High, N = 665,
N = 332

Low, N = 112,
N = 34

Wilcoxon High,
N = 525

Low,
N = 229

Wilcoxon

BFU (future uncertainty) Baseline 35.85 (26.77) 43.30 (28.10) 0.008 35.93 (26.95) 38.61 (27.57) 0.199
1st follow-up 23.92 (21.01) 47.14 (27.24) 0.000

BVD (visual disorder) Baseline 11.89 (17.93) 18.09 (22.76) 0.008 11.02 (17.63) 17.15 (20.86) 0.000
1st follow-up 10.19 (16.31) 24.73 (23.08) 0.000

BMD (motor dysfunction) Baseline 13.82 (18.38) 38.84 (29.49) 0.000 14.89 (21.30) 23.64 (23.11) 0.000
1st follow-up 13.98 (20.24) 44.44 (32.18) 0.000

BCD (communication deficit) Baseline 15.50 (22.84) 28.75 (29.75) 0.000 12.49 (19.62) 29.01 (30.05) 0.000
1st follow-up 17.53 (22.05) 41.32 (34.59) 0.000

BHA (headaches) Baseline 20.55 (25.86) 25.55 (28.07) 0.078 19.31 (24.46) 24.96 (28.32) 0.018
1st follow-up 16.18 (23.32) 15.63 (25.38) 0.721

BSE (seizures) Baseline 5.88 (18.01) 7.17 (21.00) 0.643 5.04 (16.47) 8.45 (22.70) 0.085
1st follow-up 5.08 (16.26) 5.75 (20.06) 0.954

BDR (drowsiness) Baseline 22.19 (24.61) 34.56 (29.72) 0.000 22.69 (24.67) 28.33 (28.15) 0.018
1st follow-up 23.81 (25.40) 46.88 (36.77) 0.000

BHL (hair loss) Baseline 9.15 (21.85) 10.88 (26.83) 0.840 8.89 (22.04) 11.23 (24.43) 0.207
1st follow-up 18.90 (29.01) 14.58 (23.85) 0.578

BIS (itchy skin) Baseline 8.22 (18.67) 15.15 (29.07) 0.072 9.05 (19.97) 10.08 (22.29) 0.794
1st follow-up 12.43 (23.24) 19.79 (27.90) 0.090

BWL (weakness of legs) Baseline 13.68 (22.78) 30.13 (34.92) 0.000 14.35 (24.40) 20.22 (27.83) 0.006
1st follow-up 14.16 (25.49) 38.54 (39.81) 0.000

BBC (bladder control) Baseline 6.98 (19.00) 16.67 (28.64) 0.000 6.89 (18.49) 12.25 (25.37) 0.003
1st follow-up 5.84 (16.57) 30.21 (30.95) 0.000

a WHO performance status. High: scores 0/1. Low: score 2 (baseline) or 2/3 (1st follow-up).
b High MMSE: score P27 and 630. Low MMSE: score <27.

Table 5A – Changes in mean scores over time of QLQ-BN20 physically-oriented scales by Performance Status evolution class.a

QLQ-BN20 scales Change in scores by evolution of PS

Worsening Stable or improved Total Fisher’s Exact testb

N = 80 N = 285 N = 365
Mean (SD)c Mean (SD) Mean (SD) p-Value

Headaches 7.18 (26.67) )4.24 (28.79) )1.71 (28.68) 0.0237
Motor dysfunction 9.06 (20.02) )0.64 (21.62) 1.47 (21.63) 0.0047
Drowsiness 12.82 (24.79) 0.87 (27.44) 3.49 (27.29) 0.0025
Weakness of legs 6.99 (26.40) 0.00 (31.51) 1.50 (30.58) 0.1515
Visual disorder 3.42 (12.25) )1.84 (20.87) )0.69 (19.42) 0.0047
Bladder control 9.38 (26.21) )1.16 (19.67) 1.13 (21.66) <0.0005
Seizures 3.23 (23.92) )1.59 (21.64) )0.57 (22.19) 0.1586

a Evolution classes: ‘worsening’ (a shift from 0–1 to 2–3) or ‘stable or improved’ (remain in the same category or any shift upwards), over the

period from baseline to first follow-up.
b QLQ-BN20 scale scores were categorised as ‘worsening’, ‘stable’ or ‘improvement’.
c Any change with a positive value indicates a deterioration of the physical status, while any change with a negative value indicates an

improvement of the physical status.

Table 5B – Change in QLQ-BN20 future uncertainty scale score from baseline to first follow-up.

QLQ-BN20 scale Baseline First follow-up Total Analysis of variance
N = 301 N = 301 N = 602

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

Future uncertainty 37.35 (26.30) 24.97 (21.96) 31.16 (24.99) <0.0001

1038 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 0 3 3 – 1 0 4 0



E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 0 3 3 – 1 0 4 0 1039
QLQ-C30 physical functioning scale (r = )0.556), and to a les-

ser degree with role functioning scale. Finally, the visual dis-

order scale of the QLQ-BN20 correlated with the QLQ-C30

cognitive functioning scale (r = )0.539).
4. Discussion

The objective of this study was to generate detailed data on

the psychometric properties of the EORTC QLQ-BN20 HRQOL

questionnaire module when used in a diverse sample of pa-

tients with primary brain tumours participating in large scale,

international clinical trials. Such large scale, international

field-testing of the questionnaire is important, given that it,

along with the EORTC core HRQOL questionnaire (the QLQ-

C30), is one of the most widely used measures for assessing

HRQOL in brain cancer patients.

Missing questionnaire data at the item level was a very

modest problem, with the exception of the items on hair loss

and itchy skin at baseline. This is probably due to the fact that

such toxicity mainly occurs after the start of RT and, conse-

quently, may be considered by the majority of patient as being

not applicable at baseline. An increase in completion rates for

the hair loss and itchy skin items during and following RTwas

observed. No significant correlation was found between QLQ-

BN20 scores for hair loss and itchy skin, and CTC scores for

alopecia and rash. This latter finding corresponds with earlier

studies, suggesting there is not necessarily agreement be-

tween patient and clinician reports of symptoms or adverse

effects.16,17 Apparently, the alopecia and rash as observed by

the doctor did not necessarily translate into complaints on

these issues, perhaps reflecting their relative importance for

brain tumour patients.

The distribution of QLQ-BN20 item/scale scores was

skewed, with scores mainly at the lower end of the scale (indi-

cating few symptoms or functional problems), which is re-

lated to the inclusion in both trials of patients with a

relatively good performance status. In particular, the preva-

lence of seizures appeared to be low. Less than 15% of all pa-

tients reported this symptom at any time, which is not in

accordance with other reported prevalence rates of seizures

in brain tumour patients.18,19 This may be due, in part, to

the fact that the QLQ-BN20 asks about symptoms experienced

during the past week.

The multi-trait scaling analysis confirmed the hypothe-

sised scale structure of the QLQ-BN20 questionnaire and the

reliability of the multiple item scales. However, the single

‘weakness of legs’ item correlated quite highly with the motor

dysfunction scale (three items), and in particular with the

item feeling ‘unsteady on your feet’. Weakness of (both) legs

is considered a side-effect of corticosteroids, while feeling un-

steady refers to a balance problem, which may be caused by

either myopathy due to corticosteroids or by motor dysfunc-

tion due to the disease itself. The analysis did not provide evi-

dence for this conceptual difference in that the relatively high

correlation could not be explained by those patients receiving

corticosteroids at entry. Nevertheless, both symptoms have

important clinical value and their current position in the

QLQ-BN20 module should be maintained. Furthermore, the

correlation between the items ‘blurred vision’ and ‘double vi-
sion’ in the visual disorder scale was lower than expected,

which probably reflects the clear distinction made between

these visual symptoms by patients.

The known-groups validity and the responsiveness of the

QLQ-BN20 were generally supported by the data. Scores on

at least four QLQ-BN20 scales varied significantly as a function

of WHO performance status. In addition, significant differ-

ences in QLQ-BN20 communication deficit, visual disorder

and motor dysfunction scale scores were observed as a func-

tion of MMSE levels. However, our hypothesis that patients

in the experimental treatment arm would experience less fu-

ture uncertainty levels than patients in the standard treat-

ment could not be substantiated. This suggests that patients

do not necessarily interpret experimental (and more intense)

treatment as providing more certainty about the future.

Importantly, expected patterns of change were observed in

QLQ-BN20 physically-oriented scales as a function of the

WHO performance status course. This indicates that the

questionnaire is responsive to changes in health status over

time. Finally, as hypothesised, the QLQ-BN20 future uncer-

tainty level decreased over time, which may reflect the effec-

tiveness of coping strategies.

The QLQ-BN20 scales future uncertainty and communica-

tion deficit correlated relatively high with the QLQ-C30 scale

emotional functioning and cognitive functioning, respec-

tively. Indeed, from a conceptual viewpoint these relate

closely, and high correlation rates are therefore not unex-

pected. At the same time, information on future uncertainty

and communication deficit is complimentary.

The results of the current study are similar to those of the

previous validation study of the QLQ-BN20 conducted

amongst English-speaking patients only.5 Internal consistency

reliability estimates were about the same, and in both studies

the QLQ-BN20 could distinguish clearly between patients dif-

fering as a function of performance status and mental status.

Also, in both studies, deterioration over time in performance

status was reflected in significant changes scores for at least

four of the problem areas assessed by the QLQ-BN20.

In conclusion, this international, cross-cultural validation

study confirmed that the current QLQ-BN20 module, available

in over 15 languages, has adequate psychometric properties

and is an appropriate tool for measuring HRQOL in both Eng-

lish-speaking and European primary brain tumour patients.

Additional research is needed to confirm that the question-

naire is also appropriate for use amongst patients from other

areas of the world, including (South) Asia and Africa. There-

fore, we encourage its further use and refinements on differ-

ent brain cancer populations in the future, such as patients

with brain metastases.
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