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Abstract
Background: The health‑related quality of life  (HRQOL) measures serve as 
valuable indicators of survival in patients with newly diagnosed primary brain 
tumors  (PBTs). HRQOL outcomes may benefit clinical decision‑making by 
individualizing patient treatment and improving communications between the 
doctor, patient, and families. Exploring the individual items of the European 
Organization and Research and Treatment of Cancer Quality of Life 
Questionnaire (EORTC QOL) measures may be predictive of prognosis.
Methods: We prospectively collected the validated HRQOL and standard clinical 
and radiological measures from 48 patients with newly diagnosed PBT. The patients 
were followed every 3 months over 2 years. No proxies were allowed. Questionnaire 
responses were compared between two groups: Patients with recurrence and/or 
death (n = 26) and patients without a recurrence (n = 22). A total of 17 patients 
succumbed to a tumor‑related death. Statistical analysis utilizing nonparametric 
t‑tests and Wilcoxon sign tests assessed QOL responses.
Results: Significant group differences were noted in the QOL measures with more 
negative responses in the recurrence group. EORTC QLQ‑C30 questions revealed 
a poor global HRQOL scale (P < 0.005) and pain interfering with daily activities 
(P < 0.05). EORTC QLQ‑BN20 questions revealed weakness of the legs (P < 0.05), 
coordination difficulties (P < 0.005), and unsteady gait (P < 0.05). Hospital Anxiety 
and Depression Scale (HADS) questions reflected a patient who is “slowed down” 
(P < 0.01) and “frightened” (P < 0.05).
Conclusion: Our analysis of longitudinal HRQOL measures may shed light on the 
prognostic significance of HRQOL measures in patients with newly diagnosed PBT. 
Further research is warranted to determine which selected individual measures of 
the EORTC QOL measures may be predictive of a patient’s progression‑free and 
overall survival and to test their validity and reliability in clinical trials.

Key Words: Brain tumor, malignant, prognostic factor, quality of life

INTRODUCTION

Approximately 18,000  patients are diagnosed with 

malignant primary brain tumors  (PBTs) annually in 
the United States.[24] Glioblastoma multiforme  (GBM) 
represents the most common malignant brain 
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tumor in adults.[24] Patients with GBM have a poor 
median survival of one year despite surgical resection 
followed by radiation with or without concurrent 
chemotherapy.[29,42]

Maintaining a good QOL becomes an important 
outcome priority in patients with malignant brain 
tumors whose survival is limited by tumor resistance to 
treatment. In addition to standard prognostic indicators 
such as histology and clinical stage, health‑related quality 
of life  (HRQOL) information plays a valuable role in 
predicting survival or survival duration.[3,8,34] Collecting 
QOL data could be a feasible method for evaluating 
the impact of care on a patient’s QOL.[17] Intuitively 
treating a patient’s disease over time while addressing 
his/her QOL should result in maintained or improved 
functioning and enhanced symptom relief. There is a 
need to identify practical approaches that are useful 
and efficient to encourage and maintain clinicians’ and 
patients’ participation in selecting successful models of 
integrating QOL assessment into the clinical setting.[22]

HRQOL outcomes may aid in clinical decision‑making 
by providing prognostic data and individualizing patient 
treatment as well as enhancing communication between 
doctor, patient, and families.[34,44] HRQOL prognostic 
factors may also be utilized to assign patients into 
randomized controlled trials and to better assess study 
outcome.[34] It has been suggested that patient‑reported 
outcomes  (PROs) may be better predictors of survival 
than performance status and that interventions, which 
improve PROs, may have the potential to increase 
survival.[23]

The terms “QOL” and, more specifically, “HRQOL” refer 
to emotional, physical, cognitive, and social functioning 
as well as spiritual well‑being, which are distinct areas 
influenced by a person’s experience, beliefs, expectations, 
and perceptions.[45] There is a general consensus that the 
QOL measures should be completed by the patient due 
to the subjective nature of the questions that reflect the 
patient’s well‑being.

The components of the HRQOL may represent 
independent predictors of survival and may be beneficial 
when used clinically to make treatment decisions.[7] 
Several studies in the literature on PBT have focused on 
the role of specific facets that may serve as significant 
prognostic factors of survival such as gender, cognitive 
and social functioning, depression, tumor location, and 
histological classification.[16,19,33,36] We have designed 
a study to attempt to determine which items of the 
EORTC QOL measures may be significant predictors of 
tumor progression on magnetic resonance imaging (MRI).

The current manuscript describes a feasibility and 
exploratory study of quality of life  (QOL) measures in 
patients who were diagnosed with PBTs. We conducted 

a prospective longitudinal study of collecting QOL 
measures using the European Organization and Research 
and Treatment of Cancer Quality of Life Questionnaire 
Core  30 (EORTC QLQ‑C30), the associated EORTC 
Brain Cancer module BN20 (EORTC QLQ‑BN20), 
and Hospital Anxiety and Depression Scale [HADS]) 
coupled with clinical standards of care (brain MRI, clinical 
history, and physical examinations) in patients with newly 
diagnosed PBT. Questionnaire responses were compared 
between two groups: Patients with tumor recurrence and/or 
tumor‑related death and patients without a recurrence. We 
determined the questions in the three measures that were 
significant between the two groups at each questionnaire 
time point and over all questionnaire times. We also 
examined the QOL measures over time as related to tumor 
progression, whether the QOL measures were predictive 
of the outcome, and explored which items of the QOL 
measures may be predictive of radiological progression by 
comparing the questionnaire responses from patients who 
experienced a brain tumor recurrence to those who did not.

MATERIALS AND METHODS

Under an institutional review board  (IRB)‑approved 
protocol, we prospectively collected the validated HRQOL 
measures and standard clinical measures from 48 patients 
with newly diagnosed PBT. This was a single center study 
performed by the neuro‑oncology service. All patients 
were evaluated by the same neuro‑oncologist. The 
standard of care following surgical resection of the PBT 
was determined by the tumor type. The tumor types were 
divided into three categories: Low‑grade glioma  (LGG), 
Grade  III glioma, and GBM. A  single patient was 
diagnosed with a medulloblastoma. Patients who were 
diagnosed with a GBM underwent standard treatment of 
surgery followed by radiation and temozolomide. Patients 
with a LGG were observed following surgery, and those 
with a grade  III glioma underwent surgery followed by 
radiation. Tumor progression was defined as radiological 
progression on MRI scan.

The patients underwent clinical evaluations and brain 
MRIs every 3 months over 2 years. No proxies were used. 
In this respect, the patient completed all the survey 
questions without introducing proxy bias in the responses. 
All patients provided informed consent before starting 
the study. Patients answered the surveys prior to each 
office visit.

A checklist was devised that ensured the completion 
of each aspect of patient care: MRI, blood work, 
study questionnaires, and an appointment with the 
neuro‑oncologist. Through this diligence, the present 
study was able to attain a 95% response rate for the 
surveys that significantly minimized the serious problem 
of missing data points that is common to QOL studies in 
this patient population.
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We performed a prospective longitudinal collection 
of HRQOL measures (EORTC QLQ‑C30, EORTC 
QLQ‑BN20, and HADS) along with standard clinical 
information (brain MRI, clinical history, and physical 
examinations) used for the care of patients with newly 
diagnosed PBT. A  database was developed to collect 
patient data.

EORTC QLQ‑C30, EORTC QLQ‑BN20, and HADS 
measures
A baseline QOL measurement was gathered for each patient, 
which was comprised of three measures. The QLQ‑C30 is 
a 30‑item, self‑reported questionnaire  [Table  1].[12,16] The 
EORTC QLQ‑BN20 was developed for patients with brain 
cancer and includes 20 questions  [Table  1].[12,16,43] The 
QLQ‑BN20 demonstrates sufficient psychometric properties 
and is used in conjunction with the QLQ‑C30 for assessing 
the HRQOL of brain cancer patients in international 
studies.[43] The HADS is a self‑assessment scale that has 
been proven to be a reliable instrument to detect symptom 

severity of depression and anxiety in patients undergoing 
treatment in medical and surgical fields and in the general 
population.[6,28,46] It is sensitive to changes during the course 
of diseases and in response to psychotherapeutic and 
psychopharmacological treatment.[26] HADS scores have 
been shown to predict psychosocial behavior and physical 
outcome.[26] The specific questions and scoring systems of 
the three measures may be found on the EORTC QOL 
website: http://groups.eortc.be/qol.[2]

Analysis
Questionnaire responses were compared between the 
two tumor groups of patients: Patients with tumor 
recurrence and/or died  (n  =  26) and patients without 
a recurrence  (n  =  22). Using nonparametric t‑tests 
(Mann–Whitney U test), the ranks of the scores were 
compared between the groups at each time point.[41] To 
determine whether there was a similar pattern in the 
responses over all questionnaire times between the two 
tumor groups, a Wilcoxon Sign test was performed.[41] Age 
and gender demographics among the patients groups were 
compared using independent t‑tests for means with equal 
or unequal variances, as appropriate.[25] Data were analyzed 
using the statistical software program IBM SPSS, Version 
19, 2012.[1] All values are expressed as mean ± SD.

The data in this study was categorical due to the 
range of patient questionnaire responses only from 
1 to 4. Nonparametric analysis procedures are used 
with small‑range categorical data instead of parametric 
analysis of means and standard deviations. We present 
the data in a table form rather than as a graph of means 
and standard deviations. Means and standard deviations 
were not compared in the analyses. Additionally, there 
was high variability in the patients’ responses, and the 
sample sizes decreased when patients were divided into 
groups.

The data analysis was 2‑fold. The responses of the three 
measures were compared between the two groups of 
patients. The initial analysis involved the determination 
of the questions, which showed significant group 
differences at each assessment time point. Subsequently, 
the questions on the three measures with significant 
group differences at each time point underwent further 
analysis to determine whether there was a similar pattern 
in the responses overall assessment time points between 
the two tumor groups. In this study, we have focused our 
statistical analysis on individual items within each of the 
QOL measures (EORTC QLQ‑C30, EORTC QLQ‑BN20, 
and HADS) and not scale scores.

RESULTS

Age and gender demographics
Between January 2003 and December 2004, 48  patients 
were enrolled in our study following the diagnosis 

Table 1: Description of EORTC QLQ‑C30, EORTC 
QLQ‑BN20, and Hospital Anxiety and Depression 
Scale [HADS] Measures
EORTC QLQ‑C30 measure

Function scales
Physical
Emotional cognitive
Social

Symptom scales
Fatigue
Nausea and vomiting
Pain

Single‑item scales
Dyspnea
Insomnia
Appetite loss
Constipation
Diarrhea
Financial impact of the tumor and treatment
Overall quality of life

EORTC QLQ‑BN20 measure
Multi‑item scales

Future uncertainty
Visual disorders
Motor dysfunction
Communication deficits

Single‑item scales
Headache
Seizures
Drowsiness
Hair loss
Pruritus
Weakness of both legs
Difficulties with bladder control

Hospital anxiety and depression scale measure
Anxiety: 7 questions
Depression: 7 questions
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and surgical resection of a PBT. A  total of 17  patients 
succumbed to a tumor‑related death. The patients 
were divided into two groups: Patients with tumor 
recurrence and/or died  (n  =  26) and patients without a 
recurrence (n = 22).

Table 2 highlights the age and gender demographics of the 
48 patients enrolled in this study. The age and gender are 
presented as a  (1) composite tabulation,  (2) for patients 
with a recurrence and/or died, and (3) for patients with no 
recurrence. The latter two categories are divided by tissue 
type of the PBTs: GBM, Grade  III glioma, and LGG. 
The mean age in the group of patients with a recurrence 
and/or died was substantially greater for patients with a 
GBM compared with LGG. In addition, the mean age of 
patients with no recurrence was lower for patients with a 
LGG compared with GBM.

Tissue type of primary brain tumors
Table  2 also reflects the tissue types of the PBTs for the 
48  patients in this study. The group of patients who 
experienced a recurrence and/or death had a significantly 
greater number of HGG compared with the group that 
did not have a recurrence. In addition, a higher number 
of LGG were noted in the group without a recurrence 
compared with the group with recurrence and/or death.

The EORTC QLQ‑C30 measure
The responses of the EORTC QLQ‑C30 measure were 
compared between the two groups. The questions with 
significant group differences at specific questionnaire 
time points are displayed in Table  3. More negative 
responses were noted in the tumor recurrence and/or 
died group compared with the patient group without a 
recurrence. The majority of significant differences were 
observed in the earlier time points when there were 
more respondents. The questions with significant or 
near‑significant group differences over all questionnaire 
times are shown in Table 4.

Of the 26  patients who experienced a recurrence and/or 
death, the duration of time between the first assessment 
at the postoperative baseline and either recurrence 
and/or death was 29  weeks for a GBM, 53  weeks for a 
Grade  III glioma, 66  weeks for a medulloblastoma, 

75  weeks for a LGG, with a total mean duration of 
43.1 weeks (approximately 10 months).

The EORTC QLQ‑BN20 measure
The responses of the EORTC QLQ‑BN20 measure were 
compared between the two groups of patients. The 
questions with significant group differences at specific 
questionnaire time points are highlighted in Table 3. The 
question with near‑significant group differences over all 
questionnaire times is shown in Table 4.

The Hospital Anxiety and Depression [HADS] 
scale
The questions with significant group differences at 
specific questionnaire time points are shown in Table  3. 
The question with significant group differences over all 
questionnaire times is presented in Table 4.

DISCUSSION

Numerous studies have addressed a patient’s QOL after 
undergoing resection for a PBT.[7,11,12,15,16,18,19,27,30,32,33,35‑37,39,40,43,44] 
Corn et  al. studied the QOL and cognitive status of 
patients with GBM who received escalating doses of 
radiation.[18,19] They reported that the baseline life quality, 
in particular a patient’s sense of independence, was highly 
predictive of survival. They noted a continual decline in 
cognitive function in their population group. Bampoe et al. 
conducted a study of QOL measures as a component of a 
randomized clinical trial of brachytherapy as a boost in the 
initial treatment of patients with GBM.[4] They reported 
statistically significant deteriorations in overall Karnofsky 
Performance Scale  (KPS) scores and in self care, speech, 
concentration, and cognitive functioning during the first 
year of follow‑up compared with baseline values.[4]

Brown et  al. conducted a prospective study of the 
baseline QOL in adults with newly diagnosed high‑grade 
gliomas.[11] They concluded that fatigue was an 
independent predictor of overall survival, specifically, 
that increased fatigue predicted poorer overall survival. 
Based on their findings, they recommended implementing 
interventional therapies that may combat fatigue, 
which may subsequently enhance survival. Budrukkar 

Table 2: Age and gender demographics with tumor tissue type in patients with a primary brain tumor

Total patient tabulations Patients with recurrence and/or died Patients with no recurrence

Number of patients: 48 Number of patients: 26 Number of patients: 22
Males: n=24 Males: 14 Males: 10
Females: n=24 Females: 12 Females: 12
Age Range (at time of enrollment): 
19‑71 years (mean: 42.7 years)

GBM: 15 
(age range: 24‑71 years; mean age: 52.7 years)

GBM: 2 
(age range: 41‑45 years; mean age: 43.4 years)

Grade III glioma: 6 
(age range: 44‑69 years; mean age: 55.4 years)

Grade III glioma: 8 
(age range: 19‑48 years; mean age: 31.7 years)

LGG: 4 (age range: 21‑50 years; mean age: 32.9 years)
Medulloblastoma: 1 (age: 34 years)

LGG: 12 (age range: 19‑48 years; mean age: 35 years)
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et  al. performed a comprehensive prospective study 
of QOL in adults with PBT replete with the EORTC 
questionnaires and patient and tumor factors.[12] Prior to 
initiating adjuvant therapy, patients with PBT had low 
baseline QOL scores, especially in lower economic and 

literacy groups. Furthermore, patients with malignant 
tumors and poor performance status  (KPS  <  70) had 
significantly lower QOL scores before starting adjuvant 
treatment.[12] Mainio et  al. performed a long‑term  (1 and 
5  years postoperatively) follow‑up study of patients with 
LGGs.[33] They concluded that depression and decreased 
QOL among LGG patients are associated with shorter 
survival at long‑term follow‑up. Decreased QOL may 
represent an indicator for poor prognosis in LGG patients.

In their study of QOL of long‑term high‑grade glioma 
patients, Bosma et al. showed that there was no difference 
in QOL at baseline between short‑term and long‑term 
survivors.[7] However, the QOL of short‑term survivors 
deteriorated between baseline and the 4‑month follow‑up 
while the physical functioning of long‑term survivors 
improved to a level seen by healthy controls. We have 
shown in this exploratory study that individual QOL 
measures were predictive of recurrence not only in the 
patients with histological diagnosis of GBM but also in 
approximately half the patients with anaplastic grade  III 
glioma.

This study provides a unique analysis of the specific 
questions of the universally accepted EORTC 
questionnaires and HADS measures in patients with 

Table 3: Significant group differences (Recurrence vs Non‑Recurrence) at each time point on the EORTC QLQ‑C30 and 
QLQ‑BN20 measures and the Hospital Anxiety and Depression Scale (HADS) in patients with a primary brain tumor

Question number Description of question Time point postoperatively P value

EORTC QLQ‑C30
1 Strenuous activities 6 months <0.01
2 Long walk 3 months <0.01
8 Short of breath 3 months <0.05
9 Experienced pain during past week 12 months <0.05
10 Rest 3 months <0.01
11 Difficulty sleeping 3 months <0.05
12 Weak 3 months <0.001
12 Weak 6 months <0.001
19 Pain interferes with activities over past week 3 months <0.05
27 Condition/treatment interferes with social activities 6 months <0.05
28 Condition/treatment causes financial difficulties 3 months <0.05
29 Overall health Baseline <0.05
30 Overall quality of life Baseline <0.005

EORTC QLQ‑BN20
10 Weakness one side of body 6 months <0.05
15 Trouble with concentration Baseline <0.05
15 Trouble with concentration 3 months <0.005
18 Weakness in both legs 3 months <0.05
19 Unsteady on feet 3 months <0.05

HADS
2 Enjoy things used to enjoy 3 months <0.05
8 Slowed down 3 months <0.01
8 Slowed down 15 months <0.01
9 Frightened 15 months <0.05

Table 4: Significant group differences (Recurrence 
vs. Non‑Recurrence) over all questionnaire times on 
the EORTC QLQ‑C30 and QLQ‑BN20 measures and 
the Hospital Anxiety and Depression Scale (HADS) in 
patients with a primary brain tumor

Question number Description of question P value

EORTC QLQ‑C30
2 Long walk =0.055
9 Experienced pain over the past week <0.05
27 Condition/treatment interferes with 

social activities
<0.05

29 Overall health <0.05
30 Overall quality of life <0.01

EORTC QLQ‑BN20
10 Weakness one side of body =0.055

HADS
8 Slowed down <0.05
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PBT. By determining the time points postoperatively 
when significant differences in the daily activities of 
life between the recurrence and nonrecurrence groups 
occur, patient care may be individualized to address these 
issues. It may be valuable for the treating neurologist to 
be aware of the myriad time points when a patient with 
a tumor recurrence may experience a host of symptoms 
that may affect his/her HRQOL or activities of daily 
living where clinical progression may predict tumor 
recurrence prior to radiological progression. In their study 
of 565  patients with grade  III or IV malignant glioma, 
Chang et  al. reported that headaches were the initial 
symptom in 53% of patients with Grade  III and 57% in 
Grade  IV glioma.[14] In our study, there were significant 
group differences  (recurrence vs nonrecurrence) with 
respect to headaches at the 3 and 12 month time points 
postoperatively. Furthermore, there were also significant 
group differences concerning weakness of the legs and 
unsteadiness on the feet at the 3  month time point 
postoperatively. The treating neurologist should be astute 
to these symptoms at these time points and recommend 
appropriate treatment, including interventional physical 
therapy.

Numerous complaints may be predictive of tumor 
recurrence such as dyspnea, pain that interferes with 
activities, and financial difficulties  (reflected by the 
EORTC QLQ‑C30); difficulty with concentration and 
weakness of the lower extremities  (per the EORTC 
QLQ‑BN20); and being slowed down  (discerned by 
the HADS). It is interesting to note that a patient’s 
perception of his/her overall QOL was a significant group 
difference (recurrence vs nonrecurrence) in the EORTC 
QLQ‑C30 measure at baseline and over all questionnaire 
time points.

Our goal in this study was to explore whether QOL 
scores may predict tumor progression observed on MRI. 
In our study, the distribution of scores was too small 
to determine whether individual scores were predictive 
of recurrence. Due to the small sample size, we were 
unable to discern whether scales or individual items in 
the QOL measures were predictive of PFS or OS. Future 
studies with a larger patient population will prove more 
successful in elucidating these goals.

It has been noted that a brain cancer patient’s QOL, 
after the diagnosis of cancer, represents an important 
aspect of an individual’s care. In addition to surgery, 
chemotherapy and/or radiation, and imaging studies, the 
QOL represents a prognostic indicator in numerous types 
of cancer, including brain,[7,11,12,15,16,18,19,27,30,32,33,35‑37,39,40,43,44] 
breast,[10,31] lung,[9,21,38] pancreatic,[5] and renal cell 
carcinoma.[13] A common theme permeates these various 
types of cancer, specifically, that self‑reported HRQOL 
parameters serve as valuable and independent predictors 

for survival. Analysis of a patient’s HRQOL is not only 
utilized in the management and care of cancer patients, 
it has also been incorporated into the medical evaluation 
of other life‑altering conditions such as traumatic brain 
injury.[20]

While QOL measurements are simple to perform, 
reproducible, and efficacious, imaging studies are the gold 
standard in the postoperative care of PBTs. QOL testing 
has not reached the point of development where it may 
replace routine imaging studies postoperatively. Imaging 
studies should be performed following chemotherapy. We 
recommend that an overall assessment of a patient should 
not only include imaging studies but also QOL measures 
to determine adverse side effects of chemotherapy.

Our study has several limitations. The sample size is a 
limiting factor that can influence how our results may be 
generalized. In a future study with a larger sample size and 
longer duration, correlation between the predictive power 
of HRQOL measures and patients’ age and histology will 
be better explored. While the patients in the present study 
were recruited a decade ago, a host of factors have remained 
the same over the past decade, specifically, the histologic 
grading system. In addition, the treatment protocol has 
not changed drastically. This study was performed in 
an era of standard therapy of concurrent radiation and 
temozolomide for the treatment of GBM, which makes 
the results pertinent to the current environment.

The current manuscript describes a feasibility and 
exploratory study of QOL measures in patients who were 
diagnosed with PBTs. The design of a future study will 
include a balance of baseline features including residual 
disease, tumor location, steroid and antiepileptic use, a 
larger number of patients, and a longer follow‑up. Future 
analysis will also closely monitor a patient’s QOL in each 
tumor histologic subtype.

CONCLUSION

The Food and Drug Administration, American Society 
of Clinical Oncology, and the European Medicine 
Agency have designated QOL as a key outcome that 
should often be considered alongside survival data. QOL 
serves as an important outcome priority in patients with 
malignant brain tumors whose survival is limited by 
tumor resistance to treatment. The utilization of QOL in 
clinical practice could lead to improved patient–physician 
communication and relationship, patient’s participation 
in decision‑making, and patient satisfaction with care. 
The results of our sample suggest that patients with PBT 
may have many important impaired areas and that the 
clinician should be aware of these needs and aggressively 
treat these patients. Responses to QOL measures by 
patients with a PBT may elucidate the impact of cancer 
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on a patient’s QOL. More negative responses to the 
questions were noted in the tumor recurrence group 
compared with the patient group without a recurrence.

Additional research is warranted to integrate QOL 
measurements into the standard care of patients with a 
PBT. A future goal is to determine whether the change in 
the QOL questions may be predictive of PFS and/or OS.
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