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Abstract

Background: Rehabilitation therapy during hospitalization is effective in improving activities of daily living (ADL) and
physical function in patients with brain tumors. However, there are few studies on the effect of rehabilitation therapy
on health-related quality of life (HRQOL) in patients with brain tumors. Additionally, the EuroQol-5Dimension-5Level
(EQ-5D-5L) index score has not been reported as an outcome. This study aimed to investigate the HRQOL of patients
with brain tumors who underwent rehabilitation therapy and investigated the factors affecting the EQ-5D-5L index
score from various perspectives, including various brain tumor type and recurrence. In addition, we examined the
relationship between the EQ-5D-5L index score, disease-specific HRQOL scale, and ADL.

Methods: Patients with brain tumors who underwent treatment and rehabilitation at Single tertiary care aca-

demic medical center were included in this cross-sectional study. We used the EQ-5D-5L, European Organisation for
Research and Treatment of Cancer (EORTC) quality of life questionnaire core 30, and EORTC quality of life question-
naire brain cancer module to evaluate HRQOL. ADL were assessed using the functional independence measure (FIM).
The relationship between each HRQOL assessment score and the FIM was analyzed, and the influence of related
factors was assessed by multiple regression analysis.

Results: This study included 76 patients. The EQ-5D-5L index score was 0.689 for all patients with brain tumors and
0.574 for those with glioblastomas, which was the lowest value. There was a moderate correlation between the EQ-
5D-5L index score and FIM (r=0.627, p<0.001). In addition, the EQ-5D-5L index score was significantly correlated
with most of the items of the disease-specific HRQOL scale. Multiple regression analysis revealed that glioblastoma
histology (coefficient: — 0.373, p=0.005) and recurrence (coefficient: — 0.273, p = 0.020) were independent factors
affecting the EQ-5D-5L index score.

Conclusions: Patients with glioblastoma undergoing rehabilitation have reduced HRQOL, which was influenced by
glioblastoma histology and recurrence.
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Introduction
Brain tumors are broadly classified as primary and meta-
static brain tumors (MBTs), the latter of which are most
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brain tumors varies depending on the tumor category,
generally consisting of multidisciplinary treatment with
surgery, radiation therapy, and chemotherapy [2].

There has been great progress in the treatment meth-
ods for brain tumors in recent years, which have pro-
longed the survival of patients with brain tumors.
Nevertheless, in some malignant brain tumors, the prog-
nosis remains poor even with the aforementioned treat-
ments. In particular, glioblastoma recurs at 6 months to
1 year on average. The reported median overall survival
(OS) in glioblastoma is>1.5 years, but the 5-years sur-
vival rate is still only 15% [2]. Similarly, the median OS
for MBTs is 12.0 months, even for prostate cancer, which
is considered to have the longest OS [3]. In patients with
difficult-to-cure brain tumors and poor prognoses, it is
important to improve and maintain health-related qual-
ity of life (HRQOL), which is a patient-reported outcome,
as well as OS and progression-free survival.

The European Organisation for Research and Treat-
ment of Cancer (EORTC) quality of life questionnaire
core 30 (QLQ-C30) and EORTC quality of life question-
naire brain cancer module (BN20) are frequently used in
the assessment of HRQOL in patients with brain tumors
[4, 5]. These HRQOL scales are intended to capture dis-
ease-specific psychosomatic functions and symptoms.
In recent years, the need for the economic evaluation
of medical treatments has been increasing worldwide,
generating more interest in utility scales. The EuroQol-
5Dimension-5Level (EQ-5D-5L) is one of the most popu-
lar scales for calculating the utility index [6], but only a
few studies have employed this scale in the evaluation of
patients with brain tumors [7-9].

Rehabilitation therapy during hospitalization is
reportedly effective in improving activities of daily liv-
ing (ADL) and physical function in patients with brain
tumors. Studies comparing patients with brain tumors
to those with stroke and cerebral infarction with similar
symptoms found comparable improvements in physi-
cal function, ADL, and home discharge rates [10-13]. In
addition, even in patients with glioblastomas and MBTs,
who are considered to have poor prognoses, a signifi-
cant improvement in their total functional independence
measure (FIM) score has been reported after rehabilita-
tion [14, 15].

In contrast, there are few previous studies on the effect
of rehabilitation therapy on HRQOL in patients with
brain tumors [16]. Furthermore, the efficacy of reha-
bilitation therapy on HRQOL has not been examined in
detail [17-20]. Additionally, the EQ-5D-5L index score
has not been reported as an outcome. Thus, the efficacy
of rehabilitation therapy differs between patients with
brain tumors and those with stroke in terms of ADL and
HRQOL, but the relationship between the two has not
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been fully investigated. In addition, few previous studies
have analyzed the impact of disease factors such as brain
tumor type and recurrence on HRQOL before and after
rehabilitation therapy.

Clarifying the characteristics of HRQOL, the relation-
ship between HRQOL and ADL, and the factors that
affect HRQOL in patients with brain tumors at the time
of hospital discharge will provide useful information for
implementing rehabilitation therapy. Further, investi-
gating the EQ-5D-5L index score of patients with brain
tumors may provide evidence for the cost-effectiveness
of rehabilitation treatment in the future. In the present
report, we investigated the effects of brain tumor type
and recurrence on the EQ-5D-5L index score. In addi-
tion, this study aimed to clarify the characteristics of
HRQOL in different brain tumor types and its relation-
ship with ADL.

Methods

Study design

This study uses a single-center cross-sectional study
design. The design followed the international recommen-
dations for strengthening the Reporting of Observational
Studies in Epidemiology [21]. The study protocol was
submitted and approved by the local ethical review com-
mittee (Approval No.: 2020-0380). The authors obtained
written informed consent from patients who were hospi-
talized between April and September 2021. Furthermore,
all data used in this study, including HRQOL and FIM,
had been measured as part of routine care for patients
with brain tumors since April 2016 at the institution.
Therefore, patients undergoing rehabilitation from April
2016 to March 2019 we offered the opportunity to opt-
out to use data.

Patients

The participants comprised patients aged > 20 years who
were admitted to a single tertiary care university hospi-
tal for the treatment of brain tumors between April 2016
and September 2021. The patients were also undergo-
ing physical and occupational therapy, or physical and
occupational therapy with speech therapy. The exclu-
sion criteria were based on previous studies [19, 22] and
included: those who scored <23 on the Mini Mental State
Examination, those who had difficulty answering the
HRQOL questions due to aphasia or severe higher brain
dysfunction, and those who had difficulty answering the
questions due to poor general health.

Assessment of general health and HRQOL

The FIM was used to assess ADL, and the Karnofsky per-
formance status (KPS) was used to assess general health.
HRQOL was assessed using the QLQ-C30, BN20, and
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EQ-5D-5L. All parameters were assessed at the time of
discharge. FIM and KPS were assessed by the therapist
in charge, whereas in principle, patients were required
to answer the HRQOL questions by themselves. The
therapist in charge of the patient was allowed to assist
the patient in answering the questions if the patient had
certain limitations that impaired them from filling out
the form. These limitations included reading impairment
due to motor paralysis or visual field impairment caused
by central nervous system disorders. Age, sex, brain
tumor type, tumor location (right, left, other), surgery,
radiotherapy, chemotherapy, first occurrence or recur-
rence, and destination were extracted from the medical
records. Brain tumors were classified based on the results
of pathological examination according to the WHO
2016 Pathological Classification of Brain Tumors [23].
Finally, based on previous studies [15, 22], the patients
were classified into five groups: glioblastoma, grade III
brain tumors (WHO grade III), primary central nervous
system lymphomas (PCNSLs), MBTs, and grade I brain
tumors (WHO grade I). The criteria used to determine
whether surgery was performed were based on a previ-
ous study [24] and excluded biopsy from being consid-
ered a surgery. In patients with recurrent disease, history
of previous surgery, radiotherapy, or chemotherapy was
not included.

Measurements

FIM

The FIM is an assessment of ADL, consisting of a motor
category for self-care tasks (eating, grooming, bath-
ing, dressing, toileting), sphincter control tasks (bladder
management, bowel management), transfer tasks (bed-
to-chair transfer, toilet transfer, tub or shower transfer),
and locomotion tasks (walk or wheelchair, stairs), and a
cognitive category for communication tasks (comprehen-
sion, expression) and social cognition tasks (social inter-
action, problem solving, memory). Each task is scored
on a scale of 1-7 according to the level of independence,
with 1 representing complete assistance and 7 represent-
ing complete independence. The total score ranges from
18 to 126, with a higher score indicating a greater degree
of independence.

QLQ-C30 and BN20

In this study, QLQ-C30 Japanese version (3rd edi-
tion) and BN20 were used for evaluation. These are the
HRQOL questionnaires developed by the EORTC, which
have been reported to be valid and reliable [4, 5]. The
QLQ-C30 is a disease-specific HRQOL assessment scale
for patients with cancer. The QLQ-C30 is a 30-item,
self-reported questionnaire containing the following
domains: physical functioning (5 items), role functioning
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(2 items), cognitive functioning (2 items), emotional
functioning (4 items), social functioning (2 items), global
health status (2 items), nausea and vomiting (2 items),
fatigue (3 items), pain (2 items), and single items for
dyspnea, insomnia, anorexia, constipation, diarrhea, and
financial difficulties.

The BN20 is a disease-specific measure of brain tumor
symptoms. It contains 4 multi-item scales (future uncer-
tainly, visual disorder, motor dysfunction, communica-
tion deficit) and 7 single items asking about headache,
seizure, drowsiness, hair loss, itchy skin, weakness of legs
and loss of bladder control.

The use of the above rating scales was approved by the
EORTC Quality of Life Group. The QLQ-C30 and BN20
subscales are scored from 0 to 100 according to the scor-
ing manual. A higher score on the QLQ-C30 functional
scale and general health indicates better health, while a
lower score on the QLQ-C30 symptom scale and BN20
indicates fewer complaints or better health.

EQ-5D-5L

The EQ-5D-5L is a generic preference-based measure of
HRQOL developed by the EuroQol Group. EQ-5D-5L
consists of five dimensions related to mobility, self-care,
common activities, pain/discomfort, and anxiety/depres-
sion. Patients answer each item on a scale of 1-5 (no
problems, slight problems, moderate problems, severe
problems, and extreme problems). Initially developed by
the EuroQol Group in 1987, the EuroQol-5Dimension-
3Level (EQ-5D-3L) index was a five-item, three-level
instrument. However, its sensitivity was insufficient, and
a ceiling effect was identified. As a result, the five-level
EQ-5D-5L was released to overcome these shortcomings
[25]. In Japan, the EQ-5D-5L conversion table was com-
pleted in 2015, and the EQ-5D-5L index score reflecting
Japanese values can be calculated [6]. The EQ-5D-5L util-
ity index ranges from — 0.025 to 1.00 (full health status).

Statistical analysis

A one-way analysis of variance (ANOVA) with Tukey
post hoc analysis was performed to compare FIM total
score, KPS, and HRQOL among the glioblastoma, WHO
grade III, PCNSL, MBT, and WHO grade I groups. An
unpaired t-test was used to compare the total FIM scores,
KPS, and HRQOL between the two groups of first or
recurrent disease. Additionally, effect size (ES) was calcu-
lated using Cohen’s d statistic. Cohen’s d [26] was used
to estimate magnitude of standardized differences in
means between groups; values were interpreted accord-
ing to Cohen’s published guidelines (d=0.2, small effect;
d=0.5, medium effect; d=0.8, large effect). Pearson’s
correlation analysis was used to investigate the rela-
tionship between the EQ-5D-5L index score, FIM, and
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disease-specific HQOL scale. In accordance with Guil-
ford’s Rule of Thumb [27], the criterion for the strength
of correlation was set as follows: |r|=0-0.2 as “almost
no correlation’, 0.2-0.4 as "weak correlation’, 0.4—0.7 as
"moderately correlated”, and 0.7-1.0 as "strongly cor-
related”. Finally, a multiple regression analysis was per-
formed to investigate the factors affecting the EQ-5D-5L
index score at the time of hospital discharge, with the
EQ-5D-5L index score as the dependent variable and age,
sex, brain tumor type, and newly diagnosed or recur-
rent disease as independent variables. In this study, the
forced imputation method of analysis was used to visu-
ally compare all independent variables with one other.
The independent variables were selected with reference
to previous studies that used the HRQOL scale and FIM
total score as independent variables [15, 28]. Categorical
data were transformed into dummy variables, and WHO
grade I was used as the reference category for brain
tumor type. A p-value of<0.05 was regarded as being
statistically significant, and all reported p-values were

Table 1 Patient characteristics
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two-tailed. All statistical procedures were conducted
using SPSS for Windows version 24.

Results

Patient characteristics

The patient characteristics are summarized in Table 1.
The mean age of the patients was 61.1 years, and 59%
were male. In addition, 74% of all patients were newly
diagnosed, and 79% were discharged to home. The num-
ber of patients in each group was 21 in the glioblastoma
group (27.6%), 10 in the WHO grade III group (13.2%), 10
in the PCNSL group (13.2%), 9 in the MBT group (11.8%),
and 26 in the WHO grade I group (34.2%). The KPS for
all patients was 86.3413.5, with no significant differ-
ences between brain tumor classifications in ANOVA
(p=0.065). None of the 10 patients in the PCNSL group
had undergone surgical resection, whereas all patients in
the MBT and WHO grade I groups had undergone sur-
gery. In addition, none of patients in the WHO Grade I
group received radiotherapy or chemotherapy.

All patients  Glioblastoma WHO grade lll PCNSL MBT WHO grade |
n=76 n=21 n=10 n=10 n=9 n=26
Sex, n (%)
Male 45 (59) 15(71) 6 (60) 5 (50) 8(89) 11(42)
Female 3141) 6(29) 4 (40) 5(50) 1011) 15(58)
Age, years, mean = SD 61.1£125 587+£108 556117 645+103 670+£95 61.8+151
Tumor histology, n Anaplastic astrocytoma 4 Meningioma 15
Anaplastic oligodendroglioma 2 Schwannoma 6
Anaplastic pleomorphic xan- Pituitary adenoma 2
thoastrocytoma 2
Anaplastic ependymoma 1 Hemangioblastoma 2
NOS 1 Craniopharyngioma 1
KPS, mean£SD 86.3+£135 848+157 770125 920+£103 900+£71 877+£134
Tumor location, n (%)
Right 27 (35) 10 (48) 6 (60) 5(50) (33) 3(12)
Left 21(28) 9 43) 3(30) 2(20) (33) 4(15)
Both/other 28(37) 209 1(10) 3(30) (33) 19(73)
Treatment, n (%)
Surgical resection 59 (78) 17 (81) 7 (70) (0) 9 (100) 26 (100)
Radiation 34 (45) 15(71) 7(70) (40) 8(89) 0(0)
Chemotherapy 38 (50) 20 (95) 9(90) 8 (80) 1011) 0(0)
Recurrence, n (%)
Yes 20 (26) 8(38) 5(50) 3(30) 0(0) 4(15)
No 56 (74) 13(62) 5(50) 7(70) 9 (100) 22 (85)
Discharge disposition, n (%)
Discharged home 60 (79) 16 (76) 7(70) 9(90) 7(78) 21(81)
Transfer to a different hospital 16 (21) 5(24) 3(30) 1(10) 2(22) 5(19)

SD Standard deviation, KPS Karnofsky performance status, NOS Not otherwise specified, PCNSL Primary central nervous system lymphoma, MBT Metastatic brain

tumor
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Comparison of assessment scores among brain tumor
types

The assessment scores are summarized in Fig. 1 and
Table 2. The FIM total score did not differ significantly
among the brain tumor types (p=0.438). In contrast, the
EQ-5D-5L index scores showed significant differences by
brain tumor classification (p=0.048). Furthermore, by
multiple comparisons, there was a significant difference
between the glioblastoma group (0.574+0.229) and the
WHO Grade I group (0.762+£0.135) (p=0.012), with
a large ES of 1.03. In the disease-specific HRQOL scale,
there were significant differences between groups in the
items of emotional functioning (p=0.015), financial dif-
ficulties (p=0.002), and future uncertainty (p=0.014).
Multiple comparisons of these items showed significant
differences between the glioblastoma group and WHO
Grade I group, with each ES showing large values for
emotional functioning (p=0.001, ES=1.14), financial
difficulties (p<0.001, ES=1.45), and future uncertainty
(p=0.002, ES=1.19).

Comparison of recurrent and newly diagnosed groups

The results of the comparisons of recurrent and newly
diagnosed groups are presented in Table 3. The KPS
(p=0.009, ES=0.84), FIM total score (p=0.048,
ES=0.63), EQ-5D-5L index score (p =0.016, ES=0.78),
physical functioning score (p=0.004, ES=0.88), and
role functioning score (p=0.032, ES=0.55) were sig-
nificantly lower and the fatigue (p=0.002, ES=0.80),
future uncertainty (p=0.032, ES=0.64), and drowsi-
ness (p=0.033, ES=0.63) were significantly higher
in the recurrence group than in the newly-diagnosed
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group. In addition, all items showed medium to large
ES.

Correlations among the EQ-5D-5L index score, FIM,

and disease-specific HRQOL scale

The correlations among the EQ-5D-5L index score,
FIM, and disease-specific HRQOL scale are shown in
Table 4. There was a moderate correlation between the
EQ-5D-5L index score and FIM (r=0.627, p<0.001).
Furthermore, the EQ-5D-5L index score and the dis-
ease-specific HRQOL scale showed significant cor-
relations for all items with the exception of headache,
hair loss, and itchy skin. In particular, strong cor-
relations were observed with physical functioning
(r=0.723, p<0.001). In contrast, only physical func-
tioning (r=0.610, p<0.001) and dyspnea (r=—0.433,
p<0.001) showed more than a moderate correla-
tion between FIM and the disease-specific HRQOL
measure.

Multiple regression analysis for EQ-5D-5L index score
Multiple regression analysis was performed on the
EQ-5D-5L index score, with age, sex, brain tumor
type, surgery, radiotherapy, chemotherapy, and first
occurrence or recurrence as independent variables
(Table 5). Glioblastoma (standard partial regression
coefficient: —0.373, p=0.005) and recurrence (stand-
ard partial regression coefficient: —0.273, p=0.020)
were identified as factors affecting the EQ-5D-5L index
score.
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Fig. 1 Comparison of FIM and EQ-5D-5L index score in tumor classification. PCNSL: Primary central nervous system lymphoma, MBT: Metastatic
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Table 2 Comparison of disease-specific HOQOL scale in tumor classification

All patients Glioblastoma WHO gradellll PCNSL MBT WHO grade | p value

n=76 n=21 n=10 n=10 n=9 n=26

Mean £+ SD Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD
QLQ-C30 functional domains®
Physical functioning 6754277 61.0+316 613+357 6934258 704£256 736235 0612
Role functioning 56.4+33.0 524+£285 533+443 500+314 64.8+£269 60.3+£353 0.75
Cognitive functioning 68.0+252 63.5+194 63.3+358 61.7+£294 68.5+269 756+£222 0373
Emotional functioning 784+£16.1 68.7+19.3 758+£12.1 825£92 77.8+£204 859+£10.7 0.015
Social functioning 66.9+294 571+282 60.0£285 76.7+23.8 68.5+£306 7314313 0.277
Global Health Status 523+238 46.0+£24.2 483+156 5004275 574+340 5804205 0422
QLQ-C30 symptom domains®
Nausea and vomiting 57+145 32+67 183£309 50£11.2 56+£83 32+£106 0.605
Fatigue 4034211 434+126 46.7+£286 4444181 39.5+£295 3424213 0.448
Dyspnea 189+£279 19.0£309 133+£233 26.7+£344 222+236 16.7£27.1 0.858
Pain 21.1£213 30.2+£18.7 133£17.2 183£214 204+£33.1 179+188 0.157
Insomnia 29.8+£29.1 3334333 26.7£344 36.7+36.7 333+16.7 2441241 0.698
Appetite loss 21.1+£266 1754227 20.0£28.1 200+£233 40.7 +£40.1 1794235 0.631
Constipation 28.5+£292 3334298 30.0£33.1 30.0£29.2 3334333 21.8£266 0.697
Diarrhea 10.1£163 1M1+£16.1 334105 10.0+£16.1 2224236 77+£143 0.253
Financial difficulties 333+£313 556£285 26.7 £344 36.7£33.1 29.6£26.1 1794235 0.002
BN20 symptom domains®
Future uncertainty 343+£243 4764240 36.7£23.6 37.5£26.7 3244230 2214+19.1 0.014
Visual disorder 17.5+£283 10.1£179 156+£328 15.6+£306 21.0+£340 2394309 0459
Motor dysfunction 234+242 333+272 289+324 20.0+30.5 173£216 16.7£11.9 0.164
Communication deficit 17.8£224 2284262 122+£152 100£11.0 358+£313 128+£18.0 0.135
Headache 228+239 19.0£199 200+233 16.7+£23.6 185+£17.6 30.8+282 048
Seizure 1.3£6.5 16+73 6.7 £14.1 0.0£0.0 0.0£0.0 0.0£00 0.068
Drowsiness 33.8+£285 365+315 533+281 26.7+£263 40.7 £364 2444201 0.071
Hair loss 250+£309 3494372 36.7+33.1 233+316 29.6+30.9 11.54+187 0.051
Itchy skin 180+£19.2 270227 20.0£17. 16.7+£17.6 185£176 103£15.7 0.107
Weakness of legs 40.8+30.1 444£265 46.7+32.2 46.7+32.2 4444333 320+£305 0.558
Loss of bladder control 1454239 1434270 100+ 16.1 1334233 222+£236 14.1£253 0.806

SD Standard deviation, PCNSL Primary central nervous system lymphoma, MBT Metastatic brain tumor

2 In EORTC QLQ-C30, functional domains—higher scores are better; symptom domains—Ilower scores are better

b In EORTC BN20 symptom domains, lower scores are better

P value <0.05 were written in boldface

Discussion

This study aimed to investigate the effects of brain tumor
type and recurrence on the EQ-5D-5L index score and to
clarify the characteristics of HRQOL in different brain
tumor types and its relationship with ADL.

The mean EQ-5D-5L index score at the time of hospital
discharge for all patients with brain tumors in this study
was 0.689 £ 0.205 (mean age 61.1 years). The WHO grade
I group had the highest score of 0.762+0.135 (mean age
61.8 years) and the glioblastoma group had the lowest
score of 0.57440.229 (mean age 58.7 years). In Japan,
the EQ-5D-5L index score for patients with brain tumors

has not been reported previously, and in other countries,
Wagner et al. [7] reported a mean index score of 0.72 in
3-months postoperative patients with benign menin-
giomas. The EQ-5D-5L index score of the WHO grade
I group in this study was comparable, although simple
comparison is difficult because the EQ-5D-5L index
score is calculated using a country-specific conversion
table. However, the mean EQ-5D-5L index score of the
general population in Japan was reported to be 0.936 in
the 50 s and 0.911 in the 60 s [29]. In the case of patients
with various types of outpatient cancers aside from brain
tumors, the reported value was 0.827 [30]. In addition,
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Table 3 Comparison of FIM, KPS, and HRQOL by recurrence and
newly diagnosed groups
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Table 4 Correlation between EQ-5D-5L index score, FIM, and
disease-specific HQOL scale

Recurrence  Newly p value ES(d)
diagnosed

n=20 n=56

Mean+SD  Mean=+SD
FIM 109.8+149 1173£106 0.048 0.63
KPS 7854153 89.1+£116 0.009 0.84
EQ-5D-5L index 0.577+£0243 0.729+£0.175 0.016 078
score
QLQ-C30 functional domains®
Physical function- 50.7£295 73.6+246 0.004 0.88
ing
Role functioning 4334293 61.0£33.2 0.032 0.55
Cognitive func- 583+256 7141244 0.056 053
tioning
Emotional func- 72.1+£20.1 80.7£14.0 0.09 0.54
tioning
Social functioning ~ 64.2+31.2 6794289 0.647 0.13
Global health 483+£217 5374246 0.364 0.23
status
QLQ-C30 symptom domains®
Nausea and vomit- 1254229 33+£92 0.094 0.66
ing
Fatigue 522+18.1 36.1£20.7 0.002 0.8
Dyspnea 283+347 155+246 0.139 047
Pain 24241938 1994219 0432 0.2
Insomnia 36.7+373 274+255 0312 032
Appetite loss 2334244 2024275 0.641 0.12
Constipation 333+£324 26.8£280 0429 0.22
Diarrhea 50£122 119+£173 0.06 043
Financial difficul- 3834347 31.54+30.1 0443 0.22
ties
BN20 symptom domains®
Future uncertainty  454+26.8 304222 0.032 0.64
Visual disorder 16.1£235 18.1£30.0 0.77 0.07
Motor dysfunction  30.6+274 208+226 0.166 041
Communication 256£255 15.1£208 0.1 047
deficit
Headache 183+£229 2444242 0323 0.25
Seizure 504122 00+00 0.083 0.81
Drowsiness 46.7£313 29.2+263 0.033 0.63
Hair loss 233+376 256+284 0.808 0.07
[tchy skin 16.74£20.2 185£19.0 0.733 0.09
Weakness of legs 41.7+£304 40.5+303 0.881 0.04
Loss of bladder 233£308 11.3£204 0.117 0.51
control

FIM Functional independence measure, KPS Karnofsky performance status, SD
Standard deviation, ES Effect size

2 In EORTC QLQ-C30, functional domains—higher scores are better; symptom
domains—lower scores are better

P In EORTC BN20 symptom domains, lower scores are better

p value <0.05 were written in boldface

FIM EQ-5D-5L index score

Pearson’s r Pearson’s r

EQ-5D-5L index score 0.627**

QLQ-C30 functional domains®

Physical functioning 0.610%* 0.723**
Role functioning 0.325** 0.602**
Cognitive functioning 0.354** 0.584**
Emotional functioning 0213 0.651**
Social functioning 0171 0.482%*
Global health status 0.129 0.430%*
QLQ-C30 symptom domains®

Nausea and vomiting —0.098 —0.228%
Fatigue —0.3371** —0.669%*
Dyspnea —0.433** —0.496**
Pain —0.281* —0.533%*
Insomnia —0.184 —0.400%**
Appetite loss —0.139 —0.412%*
Constipation —-0.110 —0.274*
Diarrhea —0.157 —0.249*
Financial difficulties —-0.077 —0.406**
BN20 symptom domains®

Future uncertainty —0.174 —0.566**
Visual disorder —0.142 —0.256*
Motor dysfunction —0.095 —0.448**
Communication deficit —0.145 —0.374%*
Headache 0.115 0.003
Seizure 0.073 —0.231*
Drowsiness —0.180 —0.524%*
Hair loss 0.124 —0.141
Itchy skin 0.081 —0.030
Weakness of legs 0.017 —0.273*
Loss of bladder control —0.265% —0.377**

FIM Functional independence measure

@ In EORTC QLQ-C30, functional domains—higher scores are better; symptom
domains—Ilower scores are better

P In EORTC BN20 symptom domains, lower scores are better
Pearson'’s r 2| 0.400 | were written in boldface. xxp <0.01, *p <0.05

the mean score was 0.52 (mean age 57 years) in stroke
patients, who are expected to present with similar func-
tional impairment [31]. The EQ-5D-5L index score of the
brain tumor patients in this study was lower than that of
the general population and patients with other cancers,
although the results should be interpreted with caution
regarding the different effects of the time of assessment,
age, and disease. Furthermore, the values were similar
between the current glioblastoma group and previous
reports of stroke. In the present study, there were sig-
nificant differences in emotional functioning, financial
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Table 5 Multiple regression analysis with EQ-5D-5L index score
as the dependent variable

B B 95% Confidence p value
interval
Lower  Upper
Intercept 0.907 0.629 1.185 <0.001**
Age —0002 —0097 —0.005 0.002 0.388
Sex
Female (ref)
Male —0.017 —0041 —=0.110 0.077 0.719
Tumor histology
WHO grade | (ref)
Glioblastoma —-0170 —0373 —0287 —-0.052 0.005**
WHO grade Ill —-0077 —=0127 —-0224 0.071 0.305
PCNSL —0009 —-0016 —0.152 0.133 0.895
MBT —0044 —-0.070 —-0.199 0.111 0575
Recurrence
No (ref)
Yes —0126 —0273 —0232 —0.020 0.020*

B: Partial regression coefficient, 3: Standardized regression coefficient, PCNSL:
Primary central nervous system lymphoma, MBT: Metastatic brain tumor

Multiple R2: 0.220, Adjusted R2: 0.140. **p <0.01, *p <0.05

difficulties, and future uncertainty among brain tumor
types. In addition, the glioblastoma group showed the
lowest values for all scales. Budrukkar et al. [22] reported
that the Global Health Status of the QLQ-C30 was sig-
nificantly lower in the high-grade glioma (HGG) group
than in the low-grade glioma (LGG) group. In a study of
glioma patients treated with rehabilitation therapy during
hospitalization, Umezaki et al. [28] found that the HGG
group had fewer complaints of QLQ-C30 constipation
and more complaints of BN-20 hair loss and itchy skin
than did the LGG group. These previous studies and the
current results differed in the items that showed signifi-
cant differences. This may have been due to differences
in the types of brain tumors targeted and the associated
treatment regimens, as well as the number of hospitals
treating brain tumor patients in the study area. In gen-
eral, glioblastoma is the most malignant brain tumor and
has a poor prognosis. Therefore, it may not be surprising
that the lowest values EQ-5D-5L index score and worst
scores on other scales/domains. However, it is interesting
to note that in the present study, the scores of HRQOL
items reflecting psychological aspects were lower in
the glioblastoma group than in the other groups, even
though there was no significant difference in FIM total
score by brain tumor classification. Glioblastomas carry
a poorer prognosis than other brain tumors, aside from
MBTs, and may cause psychological problems. Indeed,
patients with glioblastoma have been reported to have
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more depressive symptoms than patients with gastric,
urological, breast, and lung cancers [32]. Further, most
brain tumors classified as WHO grade I can be treated
with surgery alone, but brain tumors classified as WHO
grade II or higher often require radiation therapy or
chemotherapy in addition to surgery. Moreover, these
treatments may be continued after hospital discharge.
These factors may be related to the emotional function-
ing, financial difficulties, and future uncertainty scores of
the glioblastoma group. However, within the scope of this
study, we have not been able to examine the above points,
and they are only inferred.

A previous study in acute stroke patients reported a sig-
nificant correlation between the EQ-5D-5L index score
and FIM motor items [33] and Barthel index [34]. In
contrast, a previous study of patients with brain tumors
reported no correlation between the total FIM score at
discharge and the Functional Assessment of Cancer Ther-
apy-Brain (FACT-Br), a disease-specific HRQOL scale
[18]. In the present study, we found a significant correla-
tion between the FIM and EQ-5D-5L index score. How-
ever, in the FIM total score and disease-specific HRQOL
scale, the items that showed significant correlations were
limited to those related to physical function. This find-
ing was similar to those of previous studies, although the
HRQOL scale used was different. However, our results
are noteworthy in that the EQ-5D-5L index score and the
disease-specific HRQOL scale showed significant cor-
relations for all items with the exception of headache,
hair loss, and itchy skin on the BN20. Hirose et al. [30]
reported a correlation between changes in adverse events
and EQ-5D-5L index scores in patients with cancer. In
addition, the EQ-5D-3L index score of patients with
brain tumors is reportedly associated with the emotional
well-being item of the FACT-Br [35] and anxiety and
depression symptoms [36]. The correlations between EQ-
5D-5L index scores and the QLQ-C30 and BN20 in this
study were similar to those in previous studies, although
the target diseases and HRQOL assessment scales were
different. Coomans et al. [24] reported the impact of
HRQOL on OS in patients with gliomas, but the added
value was low, indicating the limitations of using HRQOL
as a prognostic indicator of OS. However, Edelstein et al.
[32] stated that the limitation of activity and participation
due to glioblastoma is a factor that interferes with subjec-
tive well-being and mentioned the possibility of rehabili-
tation therapy to improve HRQOL. Similarly, in addition
to training to improve ADL as indicated by the HRQOL
assessment, the importance of rehabilitation treatment
for patients with brain tumors, which is largely affected
by individual complaints, is demonstrated in this study.

Furthermore, we investigated the influence of fac-
tors such as brain tumor type and recurrence on the
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EQ-5D-5L index score. The results of multiple regres-
sion analysis showed that glioblastoma and recurrence
were the most influential factors. Vera et al. [37] investi-
gated the effect of different brain tumor classifications on
the EQ-5D-3L index score in patients with gliomas who
were undergoing outpatient treatment. After dividing
the patients into two groups, grade II/III and grade IV,
we reported that the grade of the brain tumor was not a
factor affecting the EQ-5D-3L index score. Similar results
were also reported in a study of postoperative HGG and
LGG patients [38]. In the present study, glioblastoma
reduced the EQ-5D-5L index score, and this finding dif-
fered from those of previous studies. However, these
previous studies were limited to the glioma population.
In our study, we used the EQ-5D-5L index and further
divided the brain tumor classifications into five groups,
which we believe is a new finding.

There are several reports on the impact of brain tumor
recurrence on HRQOL. Osada et al. [39] point out that
HRQOL is reduced by recurrence because of the effect of
tumor expansion as the disease progresses. Furthermore,
Okita et al. [40] also showed that HRQOL in patients
with Grade II glioma is maintained in the long term,
but functional decline due to recurrence may reduce
HRQOL. Similar observations have been reported for
glioblastoma [41], PCNSL [42], and meningiomas [43].
On the other hand, some have reported that recurrence
does not affect HRQOL or ADL [38, 44]. However, these
studies had limited study populations and varied in the
time from recurrence to HRQOL survey. The recur-
rence group in this study was a population hospitalized
for treatment associated with recurrence and may have
been more likely to reflect the impact of recurrence on
HRQOL. Therefore, it is possible that the deterioration of
function and exacerbation of symptoms associated with
recurrence affected the EQ-5D-5L index score. Even in
relapsed cases, HRQOL may be maintained or improved
with the course of treatment [45, 46].

This study was a cross-sectional survey and did not
examine pre- and post-treatment. Therefore, we recog-
nize that longitudinal surveys and studies are needed to
understand the impact of rehabilitation in brain tumor
patients, and plan address this in future studies.

Limitations

There are several limitations to this study. First, this study
was conducted at a single institution and was limited to
patients with brain tumors who underwent rehabilitation
treatment. In addition, patients with poor general health,
cognitive decline, or aphasia were excluded. Therefore,
the results are not generalizable to all patients with brain
tumors. In addition, because this was a cross-sectional
study, we were not able to compare the findings before
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and after rehabilitation treatment, nor were we able to
examine changes after hospital discharge.

Second, in the HRQOL survey of brain tumor patients,
the influence of differences in analysis methods has been
pointed out [47]. For example, in a single-item scale,
even a slight difference between "not at all" and "a little"
responses indicates a large change in scores. In addition,
if HRQOL items that improve, maintain, or worsen dif-
fer among individual subjects, the results of group-level
analysis may average the scores of patients who reported
decline and those who reported improvement, obscuring
the true characteristics. Therefore, the need for analysis
at the individual patient level has been pointed out. The
purpose of this study was to examine the characteris-
tics of HRQOL among brain tumor classifications and
its effect on the EQ-5D-5L index score. On the other
hand, the study did not longitudinally examine individual
patients, which is a limitation of this study and should be
addressed in future studies.

Third, previous studies have reported that a history of
epilepsy and impaired cognitive function [48], as well as
tumor location and size [49], affect HRQOL, but we were
unable to examine their effects in this study. In addition,
the late effects of radiotherapy and chemotherapy may
have affected HRQOL after the study. Since brain tumors
are rare, there is a need to evaluate a greater number of
cases by conducting multicenter studies. Furthermore,
in the present study, the analysis was only performed at
discharge after rehabilitation therapy. We are currently
conducting continuous surveys before and after rehabili-
tation treatment and after discharge from the hospital in
order to longitudinally understand the effect of rehabili-
tation on ADL and HRQOL.

Conclusion

In this study, we investigated HRQOL in patients with
brain tumors treated with rehabilitation therapy and
examined factors affecting EQ-5D-5L index scores in
terms of various types of brain tumors and recurrence.
In addition, we examined the relationship between the
EQ-5D-5L index score, disease-specific HRQOL scale,
and FIM total score. The EQ-5D-5L index score of the
patients in this study was lower than that of the general
adult population. In addition, the glioblastoma group had
the lowest EQ-5D-5L index score among all brain tumor
types. In addition, the EQ-5D-5L index score was signifi-
cantly correlated with most of the items of the disease-
specific HRQOL scale in addition to the total FIM score.
Multiple regression analysis revealed that glioblastoma
and recurrence were factors that significantly influenced
the EQ-5D-5L index score. The results of our study
may provide useful information for the rehabilitation of
patients with brain tumors.
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