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ABSTRACT

Health-related quality of life (HRQOL) has become
an important outcome measure in clinical trials in
primary brain tumor (i.e., glioma) patients, because
they have an incurable disease. HRQOL is assessed
using self-reported, validated questionnaires, ad-
dressing physical, psychological, emotional, and
social issues. In addition to generic HRQOL instru-
ments, disease-specific questionnaires have been de-
veloped, including for brain tumor patients. For the
analysis and interpretation of HRQOL measure-
ments, low compliance and missing data are method-
ological challenges.

HRQOL in glioma patients may be negatively af-
fected by the disease itself as well as by side effects of
treatment. But treatment with surgery, radiotherapy,
and chemotherapy may improve patient functioning
and HRQOL, in addition to extending survival.

Although HRQOL has prognostic significance in
brain tumor patients, it is not superior to well-known
clinical parameters, such as age and performance sta-
tus. In clinical practice, assessing HRQOL may be help-
ful in the communication between doctor and patient
and may facilitate treatment decisions. The Oncologist
2010;15:618–626

INTRODUCTION

Malignant brain tumors are among the most feared dis-
eases. Not only is the patient inflicted by an incurable ma-
lignancy, the disease directly involves the brain, thereby
threatening the “being” of the patient. Malignant brain tu-
mors can be subdivided into primary brain tumors (i.e., tu-
mors originating in the brain) and secondary brain tumors

(i.e., brain metastases from systemic malignancies). This
review deals with primary brain tumors.

The most common primary brain tumors are gliomas,
originating from glial tissue. With an annual incidence of
about six per 100,000, this is a relatively rare malignancy
when compared with lung cancer or breast cancer, which
have a 10-fold higher incidence rate [1]. Nevertheless, be-
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cause of its aggressive nature and the direct involvement of
the central nervous system, this disease results in a dispro-
portionate share of cancer morbidity and mortality with a
serious impact on the health care system in general, and par-
ticularly on patients and their social systems.

Gliomas may be low-grade or high-grade tumors based
on histopathological features. Despite the fact that the me-
dian survival time for low-grade glioma (LGG) patients
may well extend to �10 years, compared with a 1- to 3-year
median survival duration in high-grade glioma (HGG) pa-
tients, glioma patients cannot be cured of their disease. De-
spite intensive treatment with surgery, chemotherapy, and
radiotherapy, tumor recurrence inevitably occurs in the vast
majority of patients and they die from tumor progression. In
this patient category, the aim of treatment is not only to pro-
long life but also to maintain quality of life as long as pos-
sible [2]. Combined radiochemotherapy and other new
treatment strategies may not only increase the duration of
survival but also may have severe side effects, including a
risk for toxicity [3, 4]. Therefore, the benefits of extended
survival and/or progression delay have to be carefully bal-
anced against the side effects of treatments and their poten-
tial negative impact on functioning and quality of life.
Hence, the concept of health-related quality of life
(HRQOL) should be included as an outcome measure sup-
plementing traditional endpoints such as (progression-free)
survival time in clinical trials evaluating the effect of treat-
ment. Measuring HRQOL emerged in the early 1990s in the
medical oncology literature. In brain tumor patients, how-
ever, it has long been a neglected issue [2]. Since the begin-
ning of this century, HRQOL has become a secondary
outcome measure in a growing number of clinical trials
evaluating glioma treatment [5, 6].

OUTCOME MEASURES IN GLIOMA

Next to the classic outcome measures, such as progression
free survival and overall survival, the effect of a brain tumor
and its treatment on the patient’s functioning and well-
being should be assessed, with important distinctions made
among impairment, disability, and handicap [7]. Impair-
ments are the direct consequences of disease demonstrated
by physical examination. Disability is the impact of the im-
pairment on the patient’s ability to carry out activities.
Handicap is the consequence of disability on patient well-
being. Impairment is considered to be a “hard” measure,
compared with disability and handicap, which are more rel-
evant for patient functioning. Impairment in a brain tumor
patient can be evaluated using neurological and neuropsy-
chological examinations. Disability can be determined us-
ing scales such as the Barthel index, an instrument designed
to measure self-care ability, and the Karnofsky Perfor-

mance Status Scale, an assessment tool to measure ability to
carry out the activities of daily living. The Modified Rankin
Handicap Scale is frequently used to measure handicap in
stroke patients. Other than the Spitzer scale, which is hardly
used, there is no specific disability or handicap scale for
brain tumor patients [8].

Although these outcome measures provide information
on the influence of the tumor on patient functioning in daily
life, they do not fully reflect the effect of the tumor on pa-
tient HRQOL.

ASSESSING HRQOL: A PATIENT-REPORTED

OUTCOME APPROACH

To measure quality of life, the concept of HRQOL was de-
veloped. HRQOL is defined as a personal self-assessed
ability to function in the physical, psychological, emo-
tional, and social domains of day-to-day life [9]. This com-
plex patient-reported outcome (PRO) measure demands a
multidimensional instrument, and preferably should be as-
sessed using a self-reported questionnaire. As an alterna-
tive, a (semi)-structured interview could be undertaken
with the patient. At present, no single gold standard tool ex-
ists to measure HRQOL. Generic and disease-specific tools
need development and validation to assess HRQOL for can-
cer and noncancer patients.

For cancer patients, the most common tool in use was
developed by the European Organisation for Research and
Treatment of Cancer (EORTC) quality of life group: the
EORTC QLQ-C30 [10]. The construction of this 30-item
measure, designed to assess the HRQOL of cancer patients,
is shown in Figure 1. The EORTC QLQ-BN20, specifically
developed and validated for patients with brain cancer, in-
cludes 20 items assessing visual disorder, motor dysfunc-
tion, various disease symptoms, treatment toxicity, and
future uncertainty [11] (Fig. 2). This tool, in combination
with the EORTC QLQ-C30, is often used in clinical trials in
glioma patients undergoing chemotherapy and radiation
therapy. The items on both the EORTC QLQ-C30 and the
EORTC QLQ-BN20 measures are scaled, scored, and
transformed to a linear scale (0 –100). Differences �10
points are classified as clinically meaningful changes in a
HRQOL parameter. Changes �20 points are classed as
large effects.

Another widely used (brain) cancer-specific HRQOL
tool is the Functional Assessment of Cancer Therapy
(FACT). In addition to a general FACT module (FACT-G),
a brain cancer–specific module was developed (FACT-Br)
[12]. Compared with the EORTC questionnaires, the FACT
modules are more focused on psychosocial aspects and less
focused on symptoms.

An alternative recently developed PRO measure for
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brain tumor patients is the MD Anderson Symptom Inven-
tory Brain Tumor Module (MDASI-BT), which has been

validated for both primary brain tumor patients and patients
with brain metastases [13, 14]. Given that this questionnaire
addresses symptoms, it has similarities with the EORTC
QLQ-BN20. The MDASI-BT might be useful to describe
symptom occurrence throughout the disease trajectory and
to evaluate interventions designed for symptom manage-
ment.

When patients are unable to self-report, for example be-
cause of cognitive disturbances, one might consider using
proxies or health care professionals to rate patient quality of
life. In the past, this method was regarded as far from opti-
mal. However, a review found moderate to good agreement
in various studies evaluating the concordance between pa-
tient and proxy measures [15]. Mixed results have been re-
ported for patients and health care providers. Proxies and
health care providers tend to report more HRQOL problems
than do patients themselves, and proxy ratings tend to be
more in agreement with patient physical HRQOL domains
than with psychological domains. Also, specific agreement
between brain tumor patient and proxy HRQOL reports was
evaluated. The EORTC QLQ-C30, EORTC QLQ-BN20,
and FACT-Br showed moderate agreement between patient
and proxy HRQOL assessments, provided cognitive func-

Figure 1. European Organisation for Research and Treatment
of Cancer (EORTC) QLQ-C30 questionnaire.

Figure 2. European Organisation for Research and Treatment
of Cancer (EORTC) QLQ-BN20 questionnaire.
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tioning was not severely affected [15, 16]. The use of a non-
patient-based report should, therefore, be used only when
patients are incapable of self-report.

Because it is too burdensome, one may anticipate that
patients with more severe clinical symptomatology and
quality of life difficulties are less likely to complete ques-
tionnaires. These patients (noncompliers), excluded from
any analysis, may lead to an overestimation of the actual
quality of life [16]. Indeed, the interpretation of serial mea-
surements of HRQOL is affected by missing data [17].
Apart from the selection bias resulting from the clinical
condition, in both patient and observer compliance, the fill-
ing out of questionnaires decreases over time. However, the
main cause of missing data is administrative failure arising,
for example, when questionnaires are not distributed by a
doctor or nurse, distributed at the wrong moment, or handed
out without instructions. Methodological problems may
arise because of the study design, for example, using
HRQOL instruments unknown to the clinicians. Other pa-
tient-related factors outside the clinical situation encom-
pass lack of motivation on the part of the patient,
misunderstanding instructions, and/or filling out question-
naires incorrectly.

Several approaches can be undertaken to minimize
avoidable loss of data on quality of life [17]. Research staff
and patients understanding the relevance of these data to be
collected is of critical importance. When writing a research
protocol, HRQOL assessment as a trial endpoint must be
explicitly defined, the way of data collection must be
clearly specified, and the analysis of HRQOL parameters
should be described in order to prevent problems related to
understanding the data and analysis discussion that may or
may not be appropriate. Administrative problems can be
addressed by training staff responsible for data collection to
check for completeness of assessments at submission, doc-
ument reasons for missing data, and structurally contact pa-
tients who miss appointments. To reduce patient-related
missing data, it is important to motivate patients. At trial en-
try, patients should be fully informed regarding the impor-
tance of HRQOL assessments, and how and when they will
be done. Multiple questionnaires addressing similar issues
in a different format and/or a high frequency of assessments
will result in low overall compliance.

COGNITIVE FUNCTIONING VERSUS HRQOL
Cognition encompasses functions such as language, mem-
ory, attention, and executive functioning—core functions
of the human brain. Therefore, disturbances in cognition are
common in patients with brain tumors and, although not as
frequent as in HGG patients, are most striking in patients
with LGG, because these patients usually do not suffer from

neurologic deficits such as those in patients with rapidly
growing, high-grade tumors. Cognitive disturbances can be
caused not only by the tumor itself or by tumor-related ep-
ilepsy, but also by the tumor treatment (surgery, radiother-
apy, chemotherapy) as well as by supportive treatment
(antiepileptic drugs, corticosteroids) [18]. Cognitive distur-
bances can cause burdensome symptoms for patients; there-
fore, it is assumed that impaired cognitive function reduces
quality of life. The direct relation between cognitive func-
tioning and HRQOL in glioma patients was only demon-
strated in one study [19].

HRQOL IN GLIOMA PATIENTS

As one would expect, the majority of newly diagnosed
HGG patients have a significantly impaired level of
HRQOL, compared with healthy controls [20, 21]. System-
atic pretreatment evaluation of HRQOL in clinical trials il-
lustrates clearly that the disease itself has a major negative
impact and that treatment may improve HRQOL [22–24].
However, the side effects of treatment may seriously ham-
per (cognitive) functioning and HRQOL, especially in
long-term survivors who have no active disease.

HRQOL studies of LGG patients have employed small
samples with a mix of tumor grades, or have employed
study-specific HRQOL measures that render comparison of
results across studies difficult [25, 26]. Despite these meth-
odological limitations, the studies conducted to date sug-
gest that many survivors of LGG suffer from cognitive
deficits, assessed both objectively and subjectively, and
compromised HRQOL, for example, increased fatigue or
depression [27–31]. Lower HRQOL in long-term LGG sur-
vivors is related to the extent of cognitive deficit and the
severity of epilepsy [32]. Of note, the overall HRQOL in
LGG survivors is not different from that in patients with
hematological malignancies without involvement of
the central nervous system (N.K. Aaronson, personal com-
munication, 2009). Both LGG patients and their partners
may suffer from compromised HRQOL [33].

HGG patients experience the same level of HRQOL as
those with other neurological diseases of the central and pe-
ripheral nervous system [34]. When comparing HGG pa-
tients with other cancer patients, such as those with lung
cancer, similar quality of life results were found [20].

Several tumor-related factors in HGG patients can have
an impact on perceived HRQOL. Patients with HGG expe-
rience worse quality of life than patients who have LGG
[35]. However, between patients diagnosed with glioblas-
toma multiforme (grade IV) and patients diagnosed with
anaplastic astrocytoma (grade III), no differences in
HRQOL scores existed at the time of diagnosis [21]. Next
to grade, tumor size and location correlate with HRQOL.
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Large tumors, tumors in the nondominant hemisphere, and
tumors located anteriorly in the brain are associated with
poorer HRQOL scores [35].

Disease-specific signs and symptoms have a major im-
pact on quality of life. Neurological signs and symptoms,
such as seizure frequency, motor deficits, and functional
status, have been proven to diminish HRQOL [19, 32, 36].
Surprisingly, no deleterious effect of dysphasia on HRQOL
has been established [36]. As to nonspecific signs and
symptoms in patients with systemic cancers, fatigue and de-
pression are identified as the leading factors diminishing
HRQOL [37]. Also, in both LGG and HGG patients, fatigue
is one of the most common symptoms and, therefore, one of
the leading symptoms of decreasing quality of life [31, 38].
Clinically, significant symptoms of depression have been
shown to be present in a significant portion of HGG pa-
tients, and this is probably higher than the prevalence in the
general cancer population [38]. Thus, depressive symptoms
are a serious clinical issue negatively affecting HRQOL in
these patients and are related to shorter survival in LGG pa-
tients [38–40].

Disease recurrence has a significantly deleterious im-
pact on patient life. Patients carry a significant symptom
burden and neurological deficits are more severe at the time
of recurrence than at initial presentation [19]. Not surpris-
ingly, the HRQOL of patients with tumor recurrence is
more comprised than that of patients without recurrence af-
ter the same time since diagnosis [41].

EFFECT OF TREATMENT ON HRQOL IN

GLIOMA PATIENTS

Effect of Surgery on HRQOL
A reduction of the tumor mass may alleviate neurological
symptoms and cognitive deficits, thereby improving qual-
ity of life. On the other hand, surgery and perioperative in-
juries may cause neurological deficits and focal cognitive
deficits as a result of damage to normal surrounding tissue
[18]. Although these deficits are often transient, they may
result in a temporarily lower perceived quality of life. In a
nonrandomized study, patients who had undergone a gross-
total resection had both a longer survival duration and a bet-
ter HRQOL than patients who only had a biopsy [42].
Clearly, these results were biased because the selection
of patients for resection versus biopsy depends on factors
such as tumor size, tumor location, multifocality, and
performance status. Additionally, the HRQOL of pa-
tients who had undergone a gross-total resection in-
creased over time. Therefore, it appears from that study
that the benefit of resection in terms of quality of life out-
weighs the early side effects of surgery. Studies on the

effects of surgery in LGG patients have mainly focused
on cognitive functioning, mainly language. Despite ex-
tensive surgery, especially for tumors in the dominant
hemisphere, dysphasia following surgery is relatively
mild and in most cases transient [43].

Effect of Radiotherapy on HRQOL
Radiotherapy for LGG has been demonstrated to prolong
progression-free survival but not overall survival [44]. It
could be hypothesized that, by postponing progressive tu-
mor growth, patient functioning and thereby HRQOL
would be preserved by radiotherapy. Because cognition and
HRQOL were not included as outcome parameters in that
particular study, the results from a current EORTC/Radia-
tion Therapy Oncology Group clinical trial in LGG patients
addressing these issues are highly relevant.

Apart from beneficial effects, radiotherapy may also
have a negative impact on HRQOL in LGG patients. Pa-
tients treated with high-dose radiation had a more compro-
mised HRQOL following treatment than those on low-dose
radiation, whereas overall survival did not differ between
treatment arms [45]. However, most feared is a decrease in
cognitive functioning and, consequently, HRQOL, result-
ing from irreversible radiation encephalopathy in long-term
LGG survivors [46, 47].

The benefit of radiotherapy is well established in the
treatment of HGG patients, because tumor progression is
postponed and overall survival is extended. By stabilizing
disease and delaying progression, quality of life can be
maintained. Two randomized studies evaluating the combi-
nation of chemotherapy and radiation versus radiation ther-
apy alone included HRQOL as an outcome measure [22,
23]. No negative effects of radiotherapy on quality of life
were observed in anaplastic oligodendroglioma patients
and in patients with glioblastoma multiforme with a good
performance status. On longer follow-up, �1.5 years after
the completion of radiotherapy, the HRQOL scores of HGG
patients without progression even improved over their
scores at the start of the treatment. In long-term (i.e., �2
years from initial treatment) HGG survivors without dis-
ease progression who had initial radiotherapy, HRQOL
scores were observed to meet the level of healthy controls.
This may partly be explained by response shift, that is, that
patients over time more readily accept their situation [41].
Specifically in the elderly population (age �70 years), a
moderate survival benefit from radiotherapy has been es-
tablished for patients who have a good performance status
at the start of the treatment. More importantly, HRQOL,
performance status, and cognitive functions did not further
deteriorate, compared with the observation arm of that
study, in which patients only received supportive care [48].
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The effect of reirradiation, specifically on HRQOL, was
evaluated in a small study with a median follow-up of 9
months [49]. The majority of patients (80%) judged their
general health status after reirradiation to be stable or even
improved, compared with before treatment; in 20% of pa-
tients, their perceived general health status declined.

Effect of Chemotherapy on HRQOL
Successful chemotherapy regimens in glioma patients are
the combination of procarbazine, CCNU or lomustine, and
vincristine (PCV) chemotherapy and temozolomide. Com-
pared with PCV, temozolomide has the advantage of oral
administration and less bone marrow as well as subjective
toxicity. In LGG patients, temozolomide chemotherapy is
not only successful in terms of extending the survival dura-
tion but has been proven to maintain or even improve
HRQOL while patients are on treatment [50]. Because of
the chance for long-term toxicity in LGG survivors treated
with radiotherapy, temozolomide is now being compared
with radiotherapy in terms of both efficacy and cognition
and HRQOL.

The combination of temozolomide chemotherapy and
radiotherapy led to a significantly longer survival time in
HGG patients with newly diagnosed glioblastoma multi-
forme than in patients treated with radiotherapy alone [3].
The effect of this new dual-treatment modality on HRQOL
was evaluated separately [23]. During treatment and fol-
low-up, both treatment-group changes over time, in seven
preselected HRQOL domains, were not substantial during
the first year of follow-up, provided there was no progres-
sion of disease. For several scales, scores even improved
over time. However, during treatment, the patients in the
combination treatment group reported more side effects
(nausea, vomiting, appetite loss, and constipation) than
those in the radiotherapy-only group, which can be attrib-
uted to the use of temozolomide and antiemetics. Overall, it
can be concluded that the addition of temozolomide during
and after radiotherapy produced a significantly longer sur-
vival time without a long-lasting negative effect on
HRQOL. As for treatment in patients with anaplastic oligo-
dendroglioma, adjuvant treatment with PCV chemotherapy
after radiotherapy led to a significantly longer progression-
free survival time but not overall survival time [51]. With
respect to HRQOL, patients receiving PCV chemotherapy
showed significantly more nausea/vomiting and appetite
loss during and shortly following treatment than patients re-
ceiving only radiotherapy. Furthermore, patients on PCV
reported more drowsiness. These differences, however, re-
solved over time: after 1 year of follow-up, differences
were no longer observed in HRQOL between treatment
groups [24]. Overall, there is a short-lasting negative im-

pact of PCV chemotherapy on HRQOL during and shortly
after treatment, but no long-term effects on HRQOL have
been established. More importantly, because PCV chemo-
therapy postpones tumor progression, the impact of pro-
gression on well-being and HRQOL should be evaluated in
future studies.

Patients with recurrent HGG successfully treated with
temozolomide achieved a statistically significant improve-
ment in a portion of the HRQOL domains, whereas patients
with disease progression reported a statistically significant
deterioration in most HRQOL domains [22, 52]. Therefore,
HRQOL benefits from temozolomide treatment exist for
the period of stable disease as a result of treatment before
disease progression occurs. The effect of temozolomide on
HRQOL in recurrent glioblastoma patients was compared
with the effect of procarbazine in a randomized study. Pa-
tients receiving procarbazine showed deterioration in most
HRQOL domains during treatment, whereas patients
treated with temozolomide improved while on treatment
[2]. Although temozolomide chemotherapy has largely
replaced PCV chemotherapy in glioma patients, because
of fewer side effects and better tolerability, HRQOL data
on chemotherapy in elderly HGG patients with a poor
performance status, as well as in the recurrent setting, are
scarce [4].

Effect of Supportive Treatment on HRQOL
Symptomatic medications prescribed for glioma patients
include antiepileptic drugs (AEDs) and steroids (dexameth-
asone). Because the occurrence of seizures can diminish
HRQOL, it could be assumed that treatment with AEDs im-
proves quality of life. However, an adverse effect of AEDs
on cognition has been demonstrated. The impact of seizures
and AEDs on cognition and quality of life showed that both
cognitive functions and HRQOL deteriorated in LGG pa-
tients. The cognitive deficits could primarily be ascribed to
the use of AEDs, whereas the low HRQOL scores were
mainly related to poor seizure control [32].

Dexamethasone reduces peritumoral edema and is pre-
scribed to alleviate neurological symptoms, thereby im-
proving quality of life. However, common side effects are
myopathy, gastrointestinal complications, hyperglycemia,
and psychiatric complications (mainly agitation or depres-
sion). Because these side effects are related to the pre-
scribed dosage, steroids should be tapered or maintained at
the lowest effective dose [53].

HRQOL IN CLINICAL PRACTICE

In daily practice, prognostic factors such as age and func-
tional status are used to select brain tumor patients who will
probably benefit from aggressive treatment and patients
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who will probably not. HRQOL parameters have been
shown to be independent prognostic factors in various types
of cancers [54]. At present, the prognostic value of baseline
HRQOL data in predicting the survival duration of glioma
patients is questionable. Two studies performed in HGG
patients determined the prognostic significance of FACT
scores. The first one demonstrated that patients with high
scores on the FACT-G had longer survival times than pa-
tients with low scores [55]. The second one, using the
FACT-Br in combination with a five-item linear analog
scale assessment, also found a relation between high
HRQOL scores and longer survival on univariate analysis.
However, HRQOL was closely related to functional status,
and after correction for this in a multivariate analysis, no
prognostic significance of HRQOL scores remained [21].
Two EORTC brain tumor studies regarding this issue were
analyzed by Mauer et al. [54, 56]. Classical analysis of
EORTC QLQ-C30 subscores, controlled for major prog-
nostic factors such as age and performance status, identified
cognitive functioning, global health status, and social func-
tioning as statistically significant prognostic factors for sur-
vival in glioblastoma patients. In patients with anaplastic
oligodendrogliomas, emotional functioning, communica-
tion deficit, future uncertainty, and weakness of legs were
found to be significant prognostic factors [56]. In a boot-
strap analysis, HRQOL scales were added to other predic-
tive factors in a prognostic model and revealed that the
HRQOL scales did not improve the prognostic value of
known clinical factors. More importantly, fewer parameters
are required in the prognostic model using clinical factors

than in the model using HRQOL data. From these analyses,
it can be concluded that, although various HRQOL scales
have prognostic value they have no additional value over
already known clinical factors.

However, in another respect, HRQOL data may have
value in daily clinical practice. Routine HRQOL measure-
ments of oncology patients visiting the outpatient depart-
ment, with information provided to physicians, have been
shown to have a positive effect on physician–patient com-
munication. In some patients, these measurements im-
proved HRQOL and emotional functioning. However,
measurement of HRQOL, symptoms, and functioning is
still far from being implemented in daily practice. In the fu-
ture, a core set of standard and disease-specific questions
repeated at key points in the disease trajectory (beginning of
treatment, midtreatment, during follow-up, at relapse)
should be implemented to allow comparison over time. A
small set of focused HRQOL questions could be used at
each visit (e.g., during treatment the focus could be on side
effects). Furthermore, clear interpretation of scores is im-
portant and decision guidelines should be provided to clini-
cians [57].
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