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ABSTRACT

This study aimed to investigate the predictive factors of transfer of glioblastoma multiforme
(GBM) patients who underwent rehabilitation in acute care hospitals. We retrospectively
identified 85 patients with GBM who underwent rehabilitation at our hospital. Multivariable
logistic regression analysis showed that age and Barthel index (BI) at rehabilitation initiation
significantly influenced the discharge destination. Cut-off values for these factors were
76 years of age and 30 Bl points. These findings could help predict the discharge destination
and the choice of rehabilitation strategies of newly diagnosed patients with GBM admitted

to an acute care hospital.

Introduction

Glioblastoma multiforme (GBM) is a common
form of brain cancer and one of the most severe
types. The 5-year relative survival rate of patients
with GBM is 16%, and median survival times,
even after the administration of optimal treat-
ment methods, remain <18 months in Japan (1).
The standard treatment for GBM is tumor resec-
tion, followed by radiation therapy and systemic
treatment with temozolomide (2).

Patients with GBM have central nervous sys-
tem symptoms which vary depending on the site
of the tumor. Typically, patients require rehabili-
tation to improve and maintain mobility and
cognitive function when receiving treatment in
acute care hospitals. Generally, GBM inpatients
are transferred to hospitals or discharged home
after treatment has been initiated. In such cases,
rehabilitation and disease management strategies
need to be formed while having the patient’s
eventual transfer to a hospital or home in mind.
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However, to the best of our knowledge, no prior
studies predicting discharge destination through
commonly used indices in rehabilitation and
nutrition have been conducted.

In patients with GBM, prognostic factors for
survival include age, performance status, the
extent of resection and neurological function, and
molecular genetics (3). One study has also shown
that rehabilitation is associated with survival (4).
In addition, several studies have reported
improvement in physical and cognitive function-
ing due to rehabilitation in patients with brain
tumors (5-11). To the best of our knowledge, no
investigation of factors influencing discharge des-
tination in newly diagnosed patients with GBM
after their initial treatment in an acute care hos-
pital has been performed, nor has an associated
cut-off value been reported. This study examined
factors that influence GBM inpatient transfer in
patients who underwent rehabilitation. The pri-
mary hypothesis was that indicators of activities
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of daily living (ADL) and nutrition factors influ-
ence transfer in the patients with GBM who had
previously undergone rehabilitation. This study
aims to analyze factors that influence patient
transfer to evaluate rehabilitation strategies used
to treat new patients with GBM in acute care
hospitals.

Materials and methods
Data collection

We retrospectively reviewed patients consecu-
tively admitted to Yamagata University Hospital
between September 1, 2013, and December 31,
2020. The inclusion criteria were all patients
diagnosed with GBM, based on pathological or
imaging findings (World Health Organization
grade IV) (12). Inpatients who died despite
receiving treatment in our acute hospital were
excluded from the study population. Data includ-
ing patient age, sex, initial treatment type (surgi-
cal, radiation, temozolomide, and radiation plus
temozolomide), tumor location, discharge loca-
tion, length of stay, survival time from the diag-
nosis, number of family members, Karnofsky
performance status (KPS), Barthel index (BI) at
the start of rehabilitation and discharge, and
serum albumin levels on admission and at dis-
charge were obtained from patients’ clinical
records. ABI was defined as the difference
between the BI at the commencement of the
rehabilitation and that at discharge from our hos-
pital. Serum albumin percent change was calcu-
lated as serum albumin at discharge divided by
serum albumin at admission, then minus one.
This study was approved by the Institutional
Review Board (The ethical review committee of
Yamagata University Faculty of Medicine:
approval number 2020-406), and the need for
patient consent was waived due to the study’s
retrospective nature.

Karnofsky performance status (KPS)

The KPS is commonly used to measure the level
of cancer patient activity and medical care
requirements. The scale ranges from 0% (dead)
to 100% (normal, no complaints, no evidence of
disease). KPS has considerable validity as a global

indicator of the functional status of patients with
cancer (13).

Barthel index

This was developed to determine the ability of
patients with neuromuscular or musculoskeletal
disorders to care for themselves (14). The BI is
assessed based on ADL using the following 10
categories of self-care: feeding, moving from
wheelchair to bed and returning, doing personal
toilet, getting on and off the toilet, bathing self,
walking on a level surface, ascending and
descending stairs, dressing and undressing, con-
tinence of bowels, and controlling the bladder.
Each score is evaluated using a scale of 0-15
points, with a perfect score equaling 100 points.

Serum albumin

Serum albumin level is used as an indicator of
nutrition and inflammation. Low serum albumin
levels after surgery indicate acute inflammation,
infection, liver disease, nephrotic syndrome, inad-
equate nutrition, and extensive burns. Therefore,
serum albumin level has been used as a prognos-
tic indicator of mortality and length of stay
(15,16). For this reason, we evaluated whether
serum albumin level indicated discharge
destination.

Inpatient rehabilitation program

At our institute, inpatient rehabilitation is initi-
ated after diagnosis or surgical removal of the
tumor. Rehabilitation includes a range of motion
exercises, sitting, standing, and walking via phys-
ical therapy. In addition, ADL exercises are per-
formed during occupational therapy, while
swallowing and speech exercises are performed
during speech-language therapy. These were the
main contents of the program that each therapist
carried out according to the patient’s condition.
Each patient participated in a minimum of 20-
40 min of therapy, 5 of 7d per week.



Statistical analysis

Descriptive statistics were analyzed by dividing
the participants into a transfer group and a dis-
charge-home group. Categorical variables were
assessed using Fisher’s exact test, and continuous
variables were analyzed using the Mann-Whitney
U test. The Wilcoxon signed rank test compared
BI scores determined at the start of rehabilitation
and discharge.

Multivariable logistic regression by forced
entry was used to determine factors associated
with transfer to a hospital. The independent vari-
ables were age, sex, KPS at admission, the BI at
the start of rehabilitation, serum albumin level at
discharge, and number of family members.
Adjusted odds ratios (ORs), 95% confidence
intervals (CIs), and corresponding p values were
determined. Cut-off values for items determined
to be significant via multivariable logistic regres-
sion analyses were calculated, receiver-operating
characteristic (ROC) curves were obtained, and
area under the curve (AUC) sensitivity and speci-
ficity values were calculated. Statistical signifi-
cance was set at p<0.05. All analyses were
performed using EZR version 1.54 (Saitama
Medical Center, Jichi Medical University,
Saitama, Japan) (17).

Results

A total of 87 newly diagnosed patients with GBM
who underwent rehabilitation were included in
this study. Two patients who died in our hospital
were excluded from the analysis, leaving 50

Table 1. Patients’ characteristics.
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surviving patients discharged to their homes and
35 transferred to other hospitals. All transferred
patients were admitted to the rehabilitation hos-
pital on the same day. The characteristics of the
included patients are summarized in Table 1. The
median age of the patients in the discharge-home
and transfer groups was 65 and 77 years, respect-
ively. The Fisher’s exact test showed no significant
difference in sex between the discharge-home and
transfer groups. The median length of hospital
stay and survival time was not significantly dif-
ferent. Although the KPS at admission was not
significant, the KPS at discharge was significantly
lower in the transfer group than in the dis-
charge-home group (p<0.01). At the start of
rehabilitation  (p <0.01), the discharge BI
(p<0.01) and ABI (p<0.05) were significantly
lower in the transfer group than in the dis-
charge-home group (p<0.01). Admission
(p<0.05) and discharge (p<0.01) serum albu-
min levels were significantly lower in the transfer
group than in the discharge-home group. Serum
albumin percent change was not significantly
different between both groups.

Values of BI at the start of rehabilitation and
at discharge were compared, and the findings are
shown in a box plot (Figures la and 1b). The BI
values of patients in the discharge-home and
transfer groups were significantly higher at dis-
charge than at the start of rehabilitation
(p<0.01). There was no significant difference
observed when the tumor location in the two
groups was compared, and patients in both
groups tended to have frontal tumors more

Discharge destination

Home (n=50) Hospital (n =35) p Value
Age (years) (median, IQR) 65 (57-71.8) 77 (66.5-81.5) <0.01
Sex (%)
Male 33 (64.7) 16 (45.7) 0.08
Female 17 (35.3) 19 (54.3)
Length of stay (days) (median, IQR) 78 (68.3-89) 87 (69.5-105.5) 0.22
Survival time (days) (median, IQR) 519 (439-612) 738.5 (473.8-1144.8) 0.17
Number of family members (median, IQR) 3 (2-4) 3 (2-4) 0.37
KPS at admission (%) (median, IQR) 80 (70-90) 70 (50-90) 0.12
KPS at discharge (%) (median, IQR) 80 (62.5-90) 60 (40-60) <0.01
Bl at the start of rehabilitation (points) (median, IQR) 55 (22.3-90) 25 (2.5-55) <0.01
Bl at discharge (points) (median, IQR) 90 (80-100) 55 (20-72.5) <0.01
ABI (points) (median, IQR) 27.5 (0-55) 10 (0-27.5) <0.05
Serum albumin at admission (g/dL) (median, IQR) 4.3 (3.9-4.5) 4.0 (3.7-4.3) <0.05
Serum albumin at discharge (g/dL) (median, IQR) 3.7 (3.5-4.0) 3.5 (3.1-3.8) <0.01
Serum albumin percent change (%) (median, IQR) —-12.7 (=17.5- =3.3) —12.5 (=20.9- —=5.4) 0.48

IQR: interquartile range; KPS: Karnofsky performance status; Bl: Barthel index
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Figure 1. (a) Comparison of Bl values of patients in the discharge-home group at the start of rehabilitation and at discharge;
(b) Comparison of Bl values of patients in the hospital transfer group at the start of rehabilitation and at discharge. Bl: Barthel index.

Table 2. Location of the tumor and initial treatment type in included patients with glioblastoma.

Discharge destination

Home (n=50) Hospital (n = 35) p Value
Location
Frontal 19 1" 0.32
Frontotemporal 0 4
Frontoparietal 0 1
Parietal 5 5
Parietotemporal 3 1
Occipital 3 2
Temporal 9 7
Frontotemporoparietal 2 0
Cerebellar 1 1
Others 8 3
Initial treatment
Resection + radiation 4 chemotherapy 43 21 <0.01
Resection + radiation 0 5
Resection + chemotherapy 1 1
Resection only 0 1
Biopsy + Radiation + chemotherapy 6 6
Radiation only 0 1
Table 3. Bl comparison at the start of rehabilitation for each initial treatment.
Bl at the start of rehabilitation
Home (n=50) Hospital (n=35) p Value
Initial treatment (points) (median, IQR)
Resection + radiation + chemotherapy 55 (35-90) 45 (0-65) 0.10
Resection + radiation NA 0 (0-5) NA
Resection + chemotherapy 20 5 NA
Resection only NA 35 NA
Biopsy + Radiation + chemotherapy 35 (21.3-78.8) 27.5 (21.3-48.8) 0.63
Radiation only NA 45 NA
Bl: Barthel index; IQR: interquartile range; NA: not applicable
frequently than tumors at other locations. The contents (Temozolomide, Bevacizumab, or

initial treatment of GBM was significantly differ-
ent between the two groups (p<0.01); most
treatments were surgery, radiation, and chemo-
therapy (Table 2). The choice of chemotherapy

Nivolumab) and radiation dose was based on the
patient’s general condition. BI comparison at the
start of rehabilitation for each initial treatment
(Table 3) showed no significant difference in BI
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Table 4. Bl comparison at discharge for each initial treatment.

Bl at discharge

Home (n =50) Hospital (n =35) p Value
Initial treatment (points) (median, IQR)
Resection -+ radiation + chemotherapy 95 (82.5-100) 70 (35-80) <0.01
Resection + radiation 35 (5-35) NA
Resection + chemotherapy 85 NA
Resection only 20 NA
Biopsy + Radiation + chemotherapy 90 (45-97.5) 27.5 (8.8-50) 0.06
Radiation only 0 NA
Bl: Barthel index; IQR: interquartile range; NA: not applicable
Table 5. Bl comparison at the start of rehabilitation and at discharge for each initial treatment.
Bl at the start of rehabilitation Bl at discharge p Value
Initial treatment (points) (median, IQR)
Resection + radiation + chemotherapy 55 (13.8-81.3) 90 (68.8-100) <0.01
Resection + radiation 0 (0-5) 35 (5-35) 0.17
Resection + chemotherapy 12.5 (8.8-16.3) 77.5 (73.8-81.3) 0.50
Resection only 35 20 NA
Biopsy -+ Radiation + chemotherapy 27.5 (20-58.8) 45 (23.8-90) 0.63
Radiation only 45 0 NA
Bl: Barthel index; IQR: interquartile range; NA: not applicable
Table 6. Analysis of factors influencing discharge destination.
Variable OR 95% Cl p Value VIF
Age (years) 1.06 1.020-1.110 <0.01 1.07
Sex 1.72 0.596-4.970 0.32 1.10
Number of family members 0.92 0.600-1.400 0.69 1.06
KPS at admission (%) 1.00 0.969-1.030 0.95 1.30
Bl at the start of rehabilitation (points) 0.98 0.966-0.998 <0.05 1.23
Serum albmin at discharge (g/dL) 0.54 0.148-1.970 0.35 1.22

OR: odds ratio; VIF: variance inflation factor; Cl: confidence interval; KPS: Karnofsky performance status; Bl: Barthel index

values between the two groups. BI comparison at
discharge for each initial treatment (Table 4)
shows that BI values of the received resection,
radiation, and chemotherapy group in the initial
treatment were significantly higher in the dis-
charge-home group than transfer group
(p<0.01). BI comparison at the start of rehabili-
tation and at discharge for each initial treatment
(Table 5) shows that BI values of the received
resection, radiation, and chemotherapy group at
initial treatment were significantly higher at dis-
charge than at the start of rehabilitation
(p <0.01).

A multivariable logistic regression analysis of
associations between transfer to a hospital and
factors assessed is presented in Table 6. As a
result, age (OR = 1.06; 95% CI, 1.020-1.110;
p<0.01), and BI at the start of rehabilitation
(OR = 0.98; 95% CI, 0.966-0.998; p < 0.05) were
determined to impact transfer to a hospital
(Table 6).

We analyzed cut-off values for age and BI at
the start of rehabilitation and obtained a ROC

curve (Figures 2a and 2b). The cut-off value for
age was 76, and that for BI at the start of
rehabilitation was 30.

Discussion

This study investigated factors affecting discharge
destinations  (discharge-home or transfer to
another hospital) and calculated the cut-off values
for each by obtaining a ROC curve using data
from newly diagnosed patients with GBM who
underwent rehabilitation. The results showed that
age and BI significantly affected transfer, and cut-
off values were 76years and 30 points. In add-
ition, patients with newly diagnosed GBM who
underwent rehabilitation had improved BI scores.

Previous studies mainly focused on prognostic
indicators of GBM survival. For example, the
Radiation Therapy Oncology Group (RTOG) (18)
reported that the prognostic factors for survival
were age, KPS, extent of resection, and neuro-
logic function. Similarly, other studies have
shown that factors such as sex and radiotherapy
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Figure 2. (a) ROC curve for age. The cut-off value was 76 years of age, specificity was 0.860, sensitivity was 0.571, and AUC was
0.72; (b) ROC curve for Bl at the start of rehabilitation. The cut-off value was 30 points, specificity was 0.720, sensitivity was 0.571,
and AUC was 0.68. ROC: receiver operating characteristic; AUC: area under the curve.

are associated with survival (19). As GBM is
commonly the most malignant brain tumor,
identifying indicators of survival might be highly
important. However, to the best of our know-
ledge, no discharge factor or cut-off value in
patients that underwent rehabilitation in acute
care hospitals has been identified so far. Our
most important finding was that predictors of
transfer in patients with GBM were age and BL
Moreover, BI may be useful in an acute care hos-
pital setting for predicting GBM patient out-
comes. This suggests that it may be useful to
predict discharge destination as soon as possible.
Therefore, it is important to consider at the start
of rehabilitation, age, BI, and other factors that
can affect transfer.

This study showed that the transfer group
had significantly lower BI values at the start of
rehabilitation and discharge than the discharge-
home group. This result suggests that lower
functioning patients require more rehabilitation
therapy, caregiver management, care services,
and other environmental improvements after
being transferred. Cut-off values of significant
variables (age and BI) were 76years and 30
points, respectively. Patients with GBM who
were older than 65 (20) or 55 (21) years of age
were previously determined to have poorer

outcomes; therefore, patients with advanced age
and low BI scores should be managed early by
social workers.

Generally, patients concurrently undergo
rehabilitation and GBM treatment in acute care
hospitals. A previous study showed that rehabili-
tation improved the physical and cognitive func-
tions of 78 patients with GBM (5). Another study
revealed that a high level of functional improve-
ment was a predictor of longer survival in
patients who wunderwent rehabilitation (4).
Similar to prior findings, patients with GBM
assessed in this study may have shown improved
functional levels via initial treatment and
rehabilitation. GBM is a rapidly progressive dis-
ease; many patients experience decreased physical
activity during inpatient care, leading to disuse
syndromes, such as generalized muscle weakness
and cognitive decline. The improved effectiveness
of treatment may be due to the early implemen-
tation of sit-to-stand and joint mobilization exer-
cises training in activities of daily living (ADL) to
develop  compensatory movements among
patients on bed rest for acute body management
after tumor resection and GBM diagnosis. These
results suggest that rehabilitation performed in
conjunction with initial treatments likely
improves physical functioning.



Serum albumin is a good indicator of malnu-
trition, inflammation, and liver and renal dis-
eases. In addition, patients with malignancies,
chronic heart failure, and benign lung diseases
require special attention due to the high preva-
lence of malnutrition and low serum albumin
levels (22). Although serum albumin levels at
admission were significantly lower in the transfer
group than those in the discharge-home group,
no significant effect on transfer was observed in
the patients that were included in the study. This
may be because most patients with GBM have
low levels of inflammation and a good nutritional
status on admission.

This study has several limitations. It was an
observational, non-randomized study, the sample
size was small, and patients from a single acute
care hospital were examined. Therefore, it was
difficult to assess all variables via multivariate
analysis, and the effect of confounding factors
could not be eliminated. Hence, the results of
this study may not be generalizable. In the future,
a multicenter study with larger sample size is
needed. Additionally, no precise timepoint for BI
assessment at the start of rehabilitation and
before discharge by a therapist was used.
Rehabilitation was ordered at different times
postoperatively (or admission) for each patient
with GBM. We should consider assessing BI at
an optimal time point. There are no set discharge
criteria scores, including standard BI and KPS, at
discharge in our hospital. This makes it difficult
to examine the appropriate timing of rehabilita-
tion using the criteria and compare the effects of
rehabilitation. We would like to make efforts to
set standards for these scores in the future.
Finally, we did not assess family caregiving skills
or the psychological state of patients and their
families; we would like to include these factors in
future research to examine how they might affect
outcomes. Furthermore, to cope with psycho-
logical and social problems, we believe it is neces-
sary to share information among multiple
professions and establish a support system to
help patients receive better treatment and dis-
charge support.

In conclusion, a multivariable logistic regres-
sion analysis using data of patients newly diag-
nosed with GBM who underwent rehabilitation
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in an acute care hospital identified factors that
influenced transfer and calculated cut-off values
for each factor. Age and BI at the time of initi-
ation of rehabilitation were factors that influ-
enced transfer, with cut-off values of 76years of
age and 30 points, respectively. Furthermore,
these results suggest that rehabilitation likely
improves physical functioning. This study sug-
gests a rehabilitation strategy for patients with
GBM, which encourages management to be per-
formed along with plans (from the beginning of
treatment) to transfer patients receiving treatment
in an acute care hospital to another hospital.
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