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Abstract Health-related quality of life (HRQOL) is a
multidimensional concept used to measure patients’ func-
tioning and well-being. In recent decades, HRQOL has
become an important (secondary) outcome measure in clin-
ical trials for brain tumor patients. It could be questioned,
however, whether HRQOL is the only useful outcome mea-
sure for assessing the level of functioning and well-being of
these patients. As described in this review, several general
methodological issues can hamper the interpretation of
HRQOL data collected in the oncology setting. Additional-
ly, because brain tumor patients have a progressive brain
disease resulting in cognitive impairments, patient-reported
outcomes may not always be the most informative and
accurate measures of HRQOL in brain tumor patients. Sup-
plementary or alternative measures, such as proxy-rated
HRQOL measures and measures of instrumental activities

of daily living, may provide a more complete picture of
brain tumor patients’ functioning in daily life.
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Introduction

The incidence of primary brain tumors is low compared with
other cancers, such as lung or breast cancer [1]. Despite
multimodal treatment, including surgery, radiotherapy, and
chemotherapy, patients with gliomas (the most common pri-
mary brain tumor) cannot be cured of their disease and have a
poor prognosis [2–4]. For these patients, the quality of surviv-
al is arguably at least as important as the duration of survival
[5]. The benefits of multimodal treatment strategies, in terms
of prolonged survival or delay of progression, have to be
carefully weighed against the side effects of the treatment,
which may adversely influence the patient’s functioning and
well-being during his/her remaining life span [6].

Measuring a brain tumor patient’s functioning and well-
being goes far beyond assessing (progression-free) survival or
tumor response to treatment on imaging, which are considered
to be “hard” and traditional outcome measures. According to
the World Health Organization International Classification of
Functioning, Disability and Health (2001), disability involves
dysfunctioning at three levels. A patient’s impairment is the
most basic level (i.e., hemiparesis). On a higher level, the
patient’s activity limitations reflect the consequences of the
impairment in daily life (i.e., the patient with a hemiparesis is
unable to climb stairs), whereas how the disability affects the
patient’s well-being and his/her social interactions may be
reflected in the patient’s participation restrictions (i.e., the
patient who cannot climb stairs will be forced to move to
another home/level).
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A more integrated way to measure patients’ function-
ing and well-being is the assessment of a patient’s
health-related quality of life (HRQOL). HRQOL is a
multidimensional concept covering physical, psycholog-
ical, and social domains, as well as symptoms induced
by the disease and its treatment [7]. During the last few
decades, HRQOL has become an important (secondary)
outcome measure in clinical trials for brain tumor pa-
tients [8–17]. In trials that are palliative in character,
maintenance of HRQOL even is the most important
outcome [18].

HRQOL Measurement Tools

By definition, HRQOL is a patient-reported outcome (PRO)
and thus provides the patient’s perspective [19]. There is a
wide range of PRO instruments, from one-dimensional mea-
sures (assessing one specific aspect of HRQOL, such as
fatigue) to multidimensional HRQOL measures [5].

Currently, there is no single gold standard tool to measure
HRQOL, and several valid measures of HRQOL in brain
tumor patients are available. One frequently used HRQOL
tool used for cancer patients is the European Organisation
for Research and Treatment of Cancer (EORTC) QLQ-C30
[20]. This questionnaire contains 30 items organized into
five functional scales: three symptom scales, one global
health and quality of life scale, and several single symptom
items. The EORTC QLQ-C30 is often used in conjunction
with the brain tumor-specific questionnaire, the EORTC
QLQ-BN20 [21, 22]. This questionnaire, developed for
and validated in brain tumor patients, consists of 20 items
subdivided into four multi-item scales on future uncertainty,
motor dysfunction, communication deficits and visual
disorders.

Another frequently used cancer-specific HRQOL ques-
tionnaire is the Functional Assessment of Cancer Therapy
(FACT-G) and the disease-specific subscale FACT-Brain,
which provides additional questions for brain tumor patients
[23]. The items in these questionnaires measure a range of
HRQOL domains, including physical, functional, social,
family, and emotional well-being, and the quality of the
relationship with the physician. The FACT modules and
the EORTC questionnaires differ in respect to their focus,
with the former focusing more on psychosocial aspects and
the EORTC QLQ-C30 more on symptoms.

A more recently developed PRO used in brain tumor
research is the MD Anderson Symptom Inventory Brain
Tumor Module (MDASI-BT) [24, 25]. This questionnaire
was developed to score both symptom severity and symp-
tom burden or interference with daily living. The MDASI-
BT shows similarities with the EORTC QLQ-BN20, as both
questionnaires focus on symptoms.

Use of HRQOL in Clinical Practice

As noted above, the assessment of HRQOL in clinical trials
for brain tumor patients is becoming more widespread and
the number of studies including such an assessment is
increasing rapidly. Results of these HRQOL studies are
often used in clinical practice. First, the results may facilitate
treatment decision-making by informing physicians about
the value and impact of a specific treatment strategy [6],
both in terms of overall and progression-free survival and
quality of life. Second, routine HRQOL assessments in daily
clinical practice provide the physician with additional infor-
mation on the patients’ well-being and can thereby facilitate
communication between the physician and the patient
[26–28].

A sine qua non is that the data of such HRQOL assess-
ments are collected, analyzed, and interpreted correctly.
However, interpretation of the results may be hampered by
methodological issues that are not always taken into
account.

Methodological Limitations of HRQOL Measurements
in Trials

Selection Bias

One potential source of error in HRQOL assessments comes
from selection bias, which reflects a distortion of the results
arising from the process by which patients are selected into the
study or from an unrepresentative sample that remains for
analysis. For example, HRQOL, as well as other outcomes
reported in glioma trials, may not represent the entire glioma
population because of stringent inclusion criteria for clinical
trials. Cheng et al. [29] described that patients older than
70 years, with Karnofsky Performance Scale scores below
50 or even 70, or with cognitive impairments, are often
excluded from participation. It is likely that these excluded
patients have lower HRQOL scores, and thus the mean
HRQOL scores for those glioma patients who are included
in studies may well over-rate the actual situation of the larger
patient population of interest. Moreover, patients with poor
health status and/or tumor progression are more likely to drop
out of clinical trials than patients with stable disease and/or
better performance status [15]. As a result, patients with a
better health status and favorable treatment response will be
over-represented during follow-up and subsequent analysis,
leading again to an overestimation of HRQOL [30].

In many studies, HRQOL is assessed up to, but not
beyond, brain tumor progression [9, 13–15, 31, 32]. Impor-
tant information on HRQOL will therefore be lost, as eval-
uation of HRQOL after disease progression may reflect
deterioration on many HRQOL endpoints [31]. To evaluate

359, Page 2 of 9 Curr Neurol Neurosci Rep (2013) 13:359



the effect of late treatment effects and disease progression
on HRQOL, data collection after tumor progression should
be included in future trials [33, 34]. This is especially true
for brain tumor patients in whom tumor-directed treatment
is no longer possible and in whom maintaining their
HRQOL becomes the main objective. It should be noted
though, that post-progression treatment must be part of the
study protocol in clinical trials in order to compare HRQOL
outcomes between treatment arms.

Timing of the Assessments

Interpretation of HRQOL data might also be hampered by
inappropriate timing of the HRQOL assessments. Optimal
timing of these assessments depends on the purpose of the
clinical trial. The main objective of a trial could be to
determine the effect of toxicity induced by chemotherapy
on HRQOL, measured at the peak of the specific toxicity-
related effect, or to determine whether the treatment has a
lasting negative effect on HRQOL, i.e., at the time immedi-
ate toxicity has faded [35]. Several studies have addressed
the effect of the timing of administration of HRQOL ques-
tionnaires and the interpretation of HRQOL outcomes, and
found that modest changes in the timing of the assessment
or in time “windows” for the completion of HRQOL ques-
tionnaires could result in substantially different outcomes
[36–38]. As an example, in patients with brain tumors,
HRQOL questionnaires are often administered just before
the patient sees the physician to discuss the results of the
magnetic resonance imaging scan. At that moment, patients
are typically anxious about a possible relapse and this may
negatively influence their HRQOL scores. Likewise, admin-
istering the questionnaires immediately after the patient has
received results of ancillary investigations might also influ-
ence HRQOL scores because feelings of relief or depression
might have an effect on the way patients fill out the ques-
tionnaire. Hence, when the objective of the study is to
determine the lasting effect of treatment on HRQOL (longi-
tudinal analysis), the optimal moment to administer
HRQOL questionnaires in brain tumor patients might be at
the same time as the magnetic resonance imaging scan or
chemotherapy cycle. However, when the objective is to
determine the immediate effect of the treatment (i.e., toxicity
of the chemotherapy), HRQOL measurements should be
performed shortly after the treatment and not one or several
weeks later, when the toxicity effect has faded.

Although the timing of HRQOL assessments is important
for the interpretation of the results, in practice, there will
inevitably be deviations from the planned data collection.
Therefore, a specific time window for the completion of
HRQOL questionnaires should be specified to allow for
some variability in the timing of the assessments within a
trial. Allowing these completion-time windows, with

questionnaires completed a few days before to a few days
after the planned date, might improve the validity of the
results by allowing inclusion of a larger proportion of
HRQOL questionnaires (and thus limiting the amount of
missing data), thereby facilitating statistical modeling [39].
However, this time window should be carefully defined,
taking into account the specific research question and the
cyclic changes of the parameters to be studied [37].

Only few recommendations are described to prevent ham-
pering of the interpretation of HRQOL data by inappropriately
timed HRQOL assessments. The exact timing of the HRQOL
assessment should be specified in advance, as well as the
completion-time window, and adherence to this time schedule
should be monitored regularly. Furthermore, it is important to
perform a baseline measurement before randomization and
thus before the start of the treatment, to avoid the situation
that the initial HRQOL assessment is already influenced
unintentionally by early side effects of treatment [40].

Missing Data

A major source of bias in HRQOL data comes from missing
data that may seriously hamper the analysis of longitudinal
HRQOL data from brain tumor patients. Missing data will
reduce the power of the study and also the possibility of
detecting clinically meaningful differences. Missing data
may arise either from missing complete questionnaires or
from missing responses within a questionnaire. Missing com-
plete questionnaires can occur when a patient misses a clinic
visit at a certain time point or when a patient has dropped out
of the study, whereas missing a response within a question-
naire typically occurs when a patient unintentionally misses
the item or because a patient chooses not to answer a particular
item for personal reasons [41].

The most common reasons for dropout in brain tumor pa-
tients are progression of the disease or death [15]. As a result,
patients with a shorter life expectancy are always overrepre-
sented in the initial phase of a clinical trial, whereas patients
with more favorable prognostic factors and a good treatment
response will dominate later at follow-up [30].

Although missing data are a common problem in many
research areas, this is rarely reported in published studies.
Walker et al. [42] assessed systematically the problems
involved in collecting HRQOL data from glioma patients
and the reasons for such missing data. The major source of
missing data was administrative failure (72.2 %). Adminis-
trative failures could be divided into patient-related factors
and researcher-related factors. Patient-related factors includ-
ed intentional or non-intentional non-attendance, poor pa-
tient motivation, misunderstanding of instructions, and
incorrect completion of questionnaires. Researcher-related
factors included administrative failure (e.g., questionnaires
not being administered or being administered at the wrong
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time), lack of explanation that might result in incorrectly
completed questionnaires or missing questions, or reluc-
tance to assess a patient who is deteriorating clinically.
Other reasons for missing data were poor health status and
patient refusal. Importantly, patients who had been compli-
ant during the follow-up period lived significantly longer
than patients who were not compliant. Moreover, non-
compliant patients were older, more anxious, and had worse
performance status at baseline [42]. These results suggest
that interpretation of longitudinal data should be done with
caution. In particular, analyses based only on complete cases
will be biased because it will typically be based on a sample
of patients that is younger, healthier, and with a better
prognosis.

There are different ‘missingness mechanisms’ that were
first described by Rubin [43]: Missing Completely At Ran-
dom (MCAR), Missing At Random (MAR) and Missing Not
At Random (MNAR). Data are MCAR when missingness is
completely random and not dependent on any patient charac-
teristics. When data are MAR, missingness depends on previ-
ously observed responses or specific patient characteristics.
Lastly, MNAR depends on unobserved responses, as well as
on previously observed responses [44]. Most statistical anal-
yses can be performed when data are MCAR or MAR [45].
However, MCAR in clinical trials is probably not realistic
given that non-response more frequently occurs when patients
have a poorer health status. The nature of certain items could
also result in non-response that is not MCAR, such as the item
on sexuality in the FACT [41]. Moreover, patient and tumor
characteristics can have a significant influence on the
missingness mechanism, and the HRQOL scores at each time
point can also have a significant effect on missingness at the
next time point [15].

When a small proportion of items within a submitted
questionnaire are missing, there are several methods of data
imputation (e.g., replacement with subject mean, subscale
mean, item mean) that will result in similar HRQOL scores
as when the dataset would have been complete. This is even
true for items that are MNAR. Even for datasets with a large
proportion of missingness, imputation results in better esti-
mates than a complete case analysis. A complete case anal-
ysis may result in a clinically significant bias [41]. Another
method to reduce missing (item) data is with electronic data
capture. This method produces similar data accuracy com-
pared with paper-based methods, but reduces the amount of
missing (item) data and decreases the time required for
collecting the data [46].

Response Shift

Detection of changes in HRQOL outcomes is important in
order to determine the effectiveness of health care interven-
tions at the individual or group level [47]. Interpretation of

these changes could, however, be hampered by a so-called
response shift [48, 49]; patients may alter their internal
standards (recalibration), values (reprioritization), or con-
ceptualization (reconceptualization) of HRQOL when they
experience changes in health [49, 50]. Building on the
original model of Sprangers and Schwartz [51], a new
theoretical model was proposed to describe the process of
response shift [52]. The original model incorporated several
components that would predict changes in perceived
HRQOL over time; it described the interaction between
catalysts (health state, intervention, or events that have an
effect on HRQOL), antecedents (sociodemographics, per-
sonality, expectations, and spiritual identity), mechanisms
(coping, social comparison, goal reordering, reframing ex-
pectations), and response shifts, and posited a feedback loop
to explain how changes in HRQOL can be stabilized despite
changes in health status [51]. Expanding the original model
with a frame of reference, in this case HRQOL appraisal,
allowed for taking into account unexplained changes in
HRQOL measurements [52].

Response shift might be the anticipated effect of inter-
ventions in palliative research. In situations where symp-
toms and functions may not improve that much, an increase
in HRQOL is the most desired outcome [53]. However,
most research is hampered by response shift as it may
attenuate or increase estimates of treatment effects if patients
adapt to disease progression or treatment toxicity. This may
be especially problematic when the response shift does not
affect two treatment arms similarly [54]. Therefore, it is
important to understand to what extent changes in HRQOL
over time represent true changes and to what extent mea-
surement error due to this response shift [55].

Numerous methods are available to detect and measure
the size and direction of response shift. These approaches
can be categorized into retrospective rating, vignettes, direct
questioning, and individualized methods [53, 54]. One of
the most common approaches is the then-test method. With-
in the then-test method, pre-test data are also collected in
retrospect, simultaneously with the post-test data. The con-
cept is based on the perception that patients provide a
retrospective pre-test response from the same perspective
as the post-test response [56]. It is assumed that patients rate
both pre- and post-test HRQOL levels with the same internal
standard. Hence, the bias introduced by response shift might
be eliminated when comparing post-test scores with then-
test scores [54]. Comparison of the mean of the pre-test and
the mean of the then-test would give an estimate of the size
and the direction of the response shift [57]. However, this
method is not without criticism owing to the possible influ-
ence of recall bias, in particular [58]. This is especially true
in brain tumor research where most patients experience a
decline in cognitive function, thereby increasing the occur-
rence of recall bias.

359, Page 4 of 9 Curr Neurol Neurosci Rep (2013) 13:359



Differential Item Functioning

Many translations of HRQOL questionnaires have been
validated, but international comparisons using these ques-
tionnaires might not be valid if patients with different cul-
tural backgrounds respond differently to the items.
Differential item functioning [59] occurs when there are
differences in response to different items of HRQOL ques-
tionnaires with respect to, for example, language, culture,
country, age, gender, and treatment. Differences in response
to several items in the EORTC QLQ-C30 exist and are
likely to be caused by a lack of similarity between the
original English versions and translations [60]. Also, differ-
ent cultural groups value aspects of their HRQOL different-
ly [61]. Although these differences are considered to be
small [62, 63] they may be clinically important [64]. This
should specifically be considered in observational and non-
randomized clinical trials.

Cognitive Deterioration

Patients with primary brain tumors are different from other
cancer patients, in that these patients not only have cancer, but
also a progressive brain disease resulting not only in neuro-
logical but also cognitive deterioration [65–68]. Apart from
the tumor, tumor-related epilepsy, treatment (surgery, chemo-
therapy, and radiotherapy), and specific medication, such as
corticosteroids and anti-epileptic drugs, may influence cogni-
tive functions [68]. Thus, cognitive dysfunction may hamper
HRQOL assessments based on patient self-report in that some
patients may not be able to provide valid feedback about their
own level of functioning or symptom experience.

Additional Measures

Proxy Ratings

Although there is consensus that patients are the best source
to rate their HRQOL [69], proxy ratings should be consid-
ered as a potentially appropriate alternative in brain tumor
research because proxies might better judge the patients’
HRQOL in those situations where patients are cognitively
impaired or have a very poor health status. As proxies, such
as partners or relatives, are often involved in the care of the
patient, they have a fairly good picture of the patients’ well-
being. Proxy measures might therefore substitute or com-
plement patient self-assessment, thereby decreasing the
amount of missing data and improving the accuracy of
HRQOL assessments, especially in those patients with cog-
nitive impairments. In these cases, differences between pa-
tient and proxy ratings do not necessarily reflect inaccuracy
[70].

If one intends to use proxy ratings, agreement between
patient and proxy ratings on HRQOL is required. However,
results from studies that have investigated the levels of agree-
ment between proxy and patient ratings have been somewhat
inconsistent. Several studies have shown moderate-to-good
agreement between patient and proxy/physician ratings
[71–74], while others have reported poor agreement [75,
76•, 77]. Moreover, patients and proxies often agree on symp-
tom scales, but less on psychosocial scales [78, 79]. Disagree-
ment between patient and proxies is especially profound with
increasing symptom severity or cognitive impairment [71, 72,
80]. Agreement between patients and proxies on HRQOL is
typically highest in the high and low range of patient’s
HRQOL [73].

Proxies tend to underestimate patients’ HRQOL, while phy-
sicians tend to underestimate their patients’ pain [77, 81]. How-
ever, as this discrepancy is frequently non-differential, proxy
ratings could be used for between-treatment comparisons. Proxy
characteristics, such as age and type of proxy (relative, spouse, or
healthcare professional), depression, and caregiver burden, also
contribute to differences between proxy and patient ratings [81,
82], as well as different appreciations/expectations of HRQOL
by different persons [83].

Theoretically, the point of view from which the proxy is
rating the HRQOL of the patient is of importance. If the
desired viewpoint is not clearly described, an unintended
measurement error might be introduced to the data. It must
therefore be specified whether the proxy is rating HRQOL
from a proxy–patient perspective or from a proxy–proxy
perspective [82]. Proxy–patient perspective represents the
proxy assessment of the patients HRQOL from the patient’s
viewpoint, whereas the proxy–proxy perspective represents
the proxy assessment of the patients HRQOL from the
proxy’s perspective. However, Gundy et al. [83] have dem-
onstrated that, in practice, proxy HRQOL scores are not
influenced significantly by the perspective that they are
asked to use (proxy–patient versus proxy–proxy).

Instrumental Activities of Daily Living

To obtain a more complete picture on patients’ functioning
and well-being, an additional measure specifically focused
on everyday functioning could also be considered. Although
HRQOL is often considered as an all-embracing concept,
with measurements providing information on physical, psy-
chological, and social aspects, as well as symptoms induced
by the disease and its treatment, they do not provide objec-
tive information on the patient’s functioning in daily life.
Neuropsychological test batteries are typically used to as-
sess objectively brain tumor patients’ cognitive functioning
[8, 68, 84], but these assessments are time consuming,
require trained staff, and do not necessarily reflect how
patients are functioning in everyday life. An additional
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measure intended specifically to assess everyday function-
ing might therefore fill this gap. Measures of instrumental
activities of daily living (IADL) include complex daily
activities that are important for functioning independently
in society [85]. IADL involves higher order activities and
may therefore be vulnerable to the early effects of cognitive
decline. To gain more reliable information on the brain
tumor patient’s functioning and well-being, completion of
IADL measures by proxy respondents may be appropriate.
Such a proxy-based IADL questionnaire has recently been
validated in patients with early dementia [86]. Given its
good psychometric properties, and the similarities in prob-
lems in IADL between patients with early dementia and
those with brain tumors, we expect that this or similar
measures may also be useful in assessing the IADL of brain
tumor patients.

Considerations and Conclusions

Despite its limitations, use of HRQOL assessments as a
(secondary) outcome in brain cancer research is increasing,
and it is therefore expected that HRQOL data will have a
growing effect on clinical decision-making and healthcare
policy development [87]. Hence, it is important that
HRQOL data are adequately reported in clinical trials. Sev-
eral studies have described key methodological issues that
need to be addressed when conducting and reporting
HRQOL studies [5, 6, 88–90]. These issues include
reporting on baseline compliance and missing data, provid-
ing a priori hypotheses and a rationale for using specific
measurement tools, providing information on the psycho-
metric properties of the selected tool and information on the
timing of the HRQOL assessments, and, lastly, addressing
the clinical significance of the HRQOL outcomes. Appro-
priate statistical analysis, with sophisticated techniques, is
also warranted [91]. A minimum standard checklist avail-
able for evaluating HRQOL outcomes in cancer clinical
trials was developed [92] based on good practice in
reporting on HRQOL [69, 93, 94]. In addition, Osoba et
al. [87] have recommended a simple approach, consisting of
four steps, to report on clinically meaningful changes in
HRQOL data. Use of both of these approaches can help to
reduce the bias in interpretation of HRQOL data and raise
the standards of reporting. While a significant improvement
in the quality of HRQOL reporting has been observed [90],
there is still room for improvement. Future studies should
take the various methodological issues outlined in this arti-
cle into account, limiting problems where possible, and, in
any case, reporting problems as they are encountered when
writing up clinical trial results.

In conclusion, although HRQOL assessment is very valu-
able in brain tumor research, it is not the only outcome

measure to determine the well-being of an individual pa-
tient. First, methodological limitations such as incorrect
timing, missing data, response shift, selection bias, and
differential item functioning hamper the interpretation of
these results. Moreover, as most brain tumor patients expe-
rience a cognitive decline, patient self-reported HRQOL
may not always be entirely valid or reliable. Proxy ratings
represent a potential supplementary or even alternative
source of information about the HRQOL of patients with
progressive cognitive decline. Moreover, additional mea-
sures, such as IADL, could also complement HRQOL as-
sessments, providing us with a more complete picture of the
patient’s level of functioning in daily life.

Compliance with Ethics Guidelines

Conflict of Interest Linda Dirven declares that she has no conflict of
interest.

Jacob C. Reijneveld declares that he has no conflict of interest.
Neil K. Aaronson declares that she/he has no conflict of interest.
Andrew Bottomley declares that he has no conflict of interest.
Bernard M.J. Uitdehaag has been a consultant to Novartis, Merck

Serono, Biogen Idec, Synthon, and Danone Research.
Martin J.B. Taphoorn has been a consultant to Roche.

Human and Animal Rights and Informed Consent This article
does not contain any studies with human or animal subjects performed
by any of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Kamangar F, Dores GM, Anderson WF. Patterns of cancer inci-
dence, mortality, and prevalence across five continents: defining
priorities to reduce cancer disparities in different geographic re-
gions of the world. J Clin Oncol. 2006;24:2137–50.

2. Behin A, Hoang-Xuan K, Carpentier AF, Delattre JY. Primary
brain tumours in adults. Lancet. 2003;361:323–31.

3. Ranjan T, Abrey LE. Current management of metastatic brain
disease. Neurotherapeutics. 2009;6:598–603.

4. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoorn MJ, et al. Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl J Med. 2005;352:987–96.

5. Efficace F, Taphoorn M. Methodological issues in designing and
reporting health-related quality of life in cancer clinical trials: the
challenge of brain cancer studies. J Neurooncol. 2012;108:221–6.

6. Efficace F, Bottomley A. Health related quality of life assessment
methodology and reported outcomes in randomised controlled tri-
als of primary brain cancer patients. Eur J Cancer. 2002;38:1824–
31.

7. Aaronson NK. Quality of life: what is it? How should it be
measured? Oncology (Williston Park). 1988;2:69–76.

359, Page 6 of 9 Curr Neurol Neurosci Rep (2013) 13:359



8. Aaronson NK, Taphoorn MJ, Heimans JJ, Postma TJ, Gundy CM,
Beute GN, et al. Compromised health-related quality of life in
patients with low-grade glioma. J Clin Oncol. 2011;29:4430–5.

9. Caissie A, Nguyen J, Chen E, Zhang L, Sahgal A, Clemons M, et
al. Quality of life in patients with brain metastases using the
EORTC QLQ-BN20+2 and QLQ-C15-PAL. Int J Radiat Oncol
Biol Phys. 2012;83:1238–45.

10. Gronberg BH, Ciuleanu T, Flotten O, Knuuttila A, Abel E, Langer
SW, et al. A placebo-controlled, randomized phase II study of
maintenance enzastaurin following whole brain radiation therapy
in the treatment of brain metastases from lung cancer. Lung
Cancer. 2012;78:63–9.

11. Ma S, Xu Y, Deng Q, Yu X. Treatment of brain metastasis from
non-small cell lung cancer with whole brain radiotherapy and
Gefitinib in a Chinese population. Lung Cancer. 2009;65:198–203.

12. Steinmann D, Paelecke-Habermann Y, Geinitz H, Aschoff R,
Bayerl A, Bolling T, et al. Prospective evaluation of quality of life
effects in patients undergoing palliative radiotherapy for brain
metastases. BMC Cancer. 2012;12:283.

13. Stupp R, Wong ET, Kanner AA, Steinberg D, Engelhard H,
Heidecke V, et al. NovoTTF-100A versus physician's choice che-
motherapy in recurrent glioblastoma: a randomised phase III trial
of a novel treatment modality. Eur J Cancer. 2012;48:2192–202.

14. Taphoorn MJ, Stupp R, Coens C, Osoba D, Kortmann R, van den
Bent MJ, et al. Health-related quality of life in patients with
glioblastoma: a randomised controlled trial. Lancet Oncol.
2005;6:937–44.

15. Taphoorn MJ, van den Bent MJ, Mauer ME, Coens C, Delattre JY,
Brandes AA, et al. Health-related quality of life in patients treated
for anaplastic oligodendroglioma with adjuvant chemotherapy: re-
sults of a European Organisation for Research and Treatment of
Cancer randomized clinical trial. J Clin Oncol. 2007;25:5723–30.

16. Yaneva MP, Semerdjieva MA. Assessment of the effect of pallia-
tive radiotherapy for cancer patients with intracranial metastases
using EORTC-QOL-C30 questionnaire. Folia Med (Plovdiv).
2006;48:23–9.

17. Yavas C, Zorlu F, Ozyigit G, Gurkaynak M, Yavas G, Yuce D, et al.
Health-related quality of life in high-grade glioma patients: a pro-
spective single-center study. Support Care Cancer. 2012;20:2315–25.

18. Kirkbride P, Tannock IF. Trials in palliative treatment–have the
goal posts been moved? Lancet Oncol. 2008;9:186–7.

19. Arpinelli F, Bamfi F. The FDA guidance for industry on PROs: the
point of view of a pharmaceutical company. Health Qual Life
Outcomes. 2006;4:85.

20. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A,
Duez NJ, et al. The European Organization for Research and
Treatment of Cancer QLQ-C30: a quality-of-life instrument for
use in international clinical trials in oncology. J Natl Cancer Inst.
1993;85:365–76.

21. Osoba D, Aaronson NK, Muller M, Sneeuw K, Hsu MA, Yung
WK, et al. The development and psychometric validation of a brain
cancer quality-of-life questionnaire for use in combination with
general cancer-specific questionnaires. Qual Life Res.
1996;5:139–50.

22. Taphoorn MJ, Claassens L, Aaronson NK, Coens C, Mauer M,
Osoba D, et al. An international validation study of the EORTC
brain cancer module (EORTC QLQ-BN20) for assessing health-
related quality of life and symptoms in brain cancer patients. Eur J
Cancer. 2012;46:1033–40.

23. Weitzner MA, Meyers CA, Gelke CK, Byrne KS, Cella DF, Levin
VA. The Functional Assessment of Cancer Therapy (FACT) scale.
Development of a brain subscale and revalidation of the general
version (FACT-G) in patients with primary brain tumors. Cancer.
1995;75:1151–61.

24. Armstrong TS, Mendoza T, Gning I, Coco C, Cohen MZ, Eriksen
L, et al. Validation of the M.D. Anderson Symptom Inventory

Brain Tumor Module (MDASI-BT). J Neurooncol. 2006;80:27–
35.

25. Armstrong TS, Gning I, Mendoza TR, Weinberg JS, Gilbert MR,
Tortorice ML, et al. Clinical utility of the MDASI-BT in patients
with brain metastases. J Pain Symptom Manage. 2009;37:331–40.

26. Detmar SB, Muller MJ, Schornagel JH, Wever LD, Aaronson NK.
Health-related quality-of-life assessments and patient-physician
communication: a randomized controlled trial. JAMA.
2002;288:3027–34.

27. Hilarius DL, Kloeg PH, Gundy CM, Aaronson NK. Use of health-
related quality-of-life assessments in daily clinical oncology nurs-
ing practice: a community hospital-based intervention study.
Cancer. 2008;113:628–37.

28. Taphoorn MJ, Sizoo EM, Bottomley A. Review on quality of life
issues in patients with primary brain tumors. Oncologist.
2010;15:618–26.

29. Cheng JX, Zhang X, Liu BL. Health-related quality of life in
patients with high-grade glioma. Neuro Oncol. 2009;11:41–50.

30. Vordermark D. Avoiding bias in the prospective evaluation of
patients with brain metastases. J Clin Oncol. 2007;25:4023–5.

31. Gallego Perez-Larraya J, Ducray F, Chinot O, Catry-Thomas I,
Taillandier L, Guillamo JS, et al. Temozolomide in elderly patients
with newly diagnosed glioblastoma and poor performance status:
an ANOCEF phase II trial. J Clin Oncol. 2011;29:3050–5.

32. Levin VA, Phuphanich S, Yung WK, Forsyth PA, Maestro RD,
Perry JR, et al. Randomized, double-blind, placebo-controlled trial
of marimastat in glioblastoma multiforme patients following sur-
gery and irradiation. J Neurooncol. 2006;78:295–302.

33. Mauer ME, Bottomley A, Taphoorn MJ. Evaluating health-related
quality of life and symptom burden in brain tumour patients:
instruments for use in experimental trials and clinical practice.
Curr Opin Neurol. 2008;21:745–53.

34. Reijneveld JC, Klein M, Taphoorn MJ, Postma TJ, Heimans JJ.
Improved, personalized treatment of glioma necessitates long-term
follow-up of cognitive functioning. Pharmacogenomics.
2012;13:1667–9.

35. Osoba D. What has been learned from measuring health-related
quality of life in clinical oncology. Eur J Cancer. 1999;35:1565–70.

36. Hakamies-Blomqvist L, Luoma ML, Sjostrom J, Pluzanska A,
Sjodin M, Mouridsen H, et al. Timing of quality of life (QoL)
assessments as a source of error in oncological trials. J Adv Nurs.
2001;35:709–16.

37. Klee MC, King MT, Machin D, Hansen HH. A clinical model for
quality of life assessment in cancer patients receiving chemother-
apy. Ann Oncol. 2000;11:23–30.

38. Pater J, Osoba D, Zee B, Lofters W, Gore M, Dempsey E, et al.
Effects of altering the time of administration and the time frame of
quality of life assessments in clinical trials: an example using the
EORTC QLQ-C30 in a large anti-emetic trial. Qual Life Res.
1998;7:273–8.

39. Ediebah DE, Coens C, Maringwa JT, Quinten C, Zikos E, Ringash
J, et al. Effect of completion-time windows in the analysis of
health-related quality of life outcomes in cancer patients. Ann
Oncol. 2013;24:231–7.

40. Osoba D. Rationale for the timing of health-related quality-of-life
(HQL) assessments in oncological palliative therapy. Cancer Treat
Rev. 1996;22(A):69–73.

41. Fairclough DL, Cella DF. Functional Assessment of Cancer
Therapy (FACT-G): non-response to individual questions. Qual
Life Res. 1996;5:321–9.

42. Walker M, Brown J, Brown K, Gregor A, Whittle IR, Grant R.
Practical problems with the collection and interpretation of serial
quality of life assessments in patients with malignant glioma. J
Neurooncol. 2003;63:179–86.

43. Rubin DB. Inference and missing data. Biometrika. 1976;63:581–
92.

Curr Neurol Neurosci Rep (2013) 13:359 Page 7 of 9, 359



44. Little R, Rubin D. Statistical Analysis with Missing Data. New
York: Wiley; 1987.

45. Post WJ, Buijs C, Stolk RP, de Vries EG, le Cessie S. The analysis
of longitudinal quality of life measures with informative drop-out:
a pattern mixture approach. Qual Life Res. 2010;19:137–48.

46. Walther B, Hossin S, Townend J, Abernethy N, Parker D, Jeffries
D. Comparison of electronic data capture (EDC) with the standard
data capture method for clinical trial data. PLoS One.
2011;6:e25348.

47. Maringwa J, Quinten C, King M, Ringash J, Osoba D, Coens C, et
al. Minimal clinically meaningful differences for the EORTC
QLQ-C30 and EORTC QLQ-BN20 scales in brain cancer patients.
Ann Oncol. 2011;22:2107–12.

48. Kvam AK, Wisloff F, Fayers PM. Minimal important differences
and response shift in health-related quality of life; a longitudinal
study in patients with multiple myeloma. Health Qual Life
Outcomes. 2010;8:79.

49. Schwartz CE, Bode R, Repucci N, Becker J, Sprangers MA,
Fayers PM. The clinical significance of adaptation to changing
health: a meta-analysis of response shift. Qual Life Res.
2006;15:1533–50.

50. Schwartz CE, Sprangers MA. Methodological approaches for
assessing response shift in longitudinal health-related quality-of-
life research. Soc Sci Med. 1999;48:1531–48.

51. Sprangers MA, Schwartz CE. Integrating response shift into
health-related quality of life research: a theoretical model. Soc
Sci Med. 1999;48:1507–15.

52. Rapkin BD, Schwartz CE. Toward a theoretical model of quality-
of-life appraisal: Implications of findings from studies of response
shift. Health Qual Life Outcomes. 2004;2:14.

53. Barclay-Goddard R, Epstein JD, Mayo NE. Response shift: a brief
overview and proposed research priorities. Qual Life Res.
2009;18:335–46.

54. Hamidou Z, Dabakuyo TS, Bonnetain F. Impact of response shift
on longitudinal quality-of-life assessment in cancer clinical trials.
Expert Rev Pharmacoecon Outcomes Res. 2011;11:549–59.

55. Ubel PA, Peeters Y, Smith D. Abandoning the language of "re-
sponse shift": a plea for conceptual clarity in distinguishing scale
recalibration from true changes in quality of life. Qual Life Res.
2010;19:465–71.

56. Nolte S, Elsworth GR, Sinclair AJ, Osborne RH. The inclusion of
'then-test' questions in post-test questionnaires alters post-test re-
sponses: a randomized study of bias in health program evaluation.
Qual Life Res. 2012;21:487–94.

57. Schwartz CE, Sprangers MA. Guidelines for improving the strin-
gency of response shift research using the thentest. Qual Life Res.
2010;19:455–64.

58. McPhail S, Haines T. Response shift, recall bias and their effect on
measuring change in health-related quality of life amongst older
hospital patients. Health Qual Life Outcomes. 2010;8:65.

59. Groenvold M, Petersen M. The role and use of differential
item functioning (DIF) analysis of quality of life data in
clinical trials. In: Fayers P, Hays R, editors. Assessing
Quality of Life in Clinical Trials. 2nd ed. Oxford: Oxford
University Press; 2008. p. 195–208.

60. Scott NW, Fayers PM, Bottomley A, Aaronson NK, de Graeff A,
Groenvold M, et al. Comparing translations of the EORTC QLQ-
C30 using differential item functioning analyses. Qual Life Res.
2006;15:1103–15.

61. Scott NW, Fayers PM, Aaronson NK, Bottomley A, de Graeff
A, Groenvold M, et al. The relationship between overall
quality of life and its subdimensions was influenced by cul-
ture: analysis of an international database. J Clin Epidemiol.
2008;61:788–95.

62. King MT. The interpretation of scores from the EORTC quality of
life questionnaire QLQ-C30. Qual Life Res. 1996;5:555–67.

63. Osoba D, Rodrigues G, Myles J, Zee B, Pater J. Interpreting the
significance of changes in health-related quality-of-life scores. J
Clin Oncol. 1998;16:139–44.

64. Scott NW, Fayers PM, Aaronson NK, Bottomley A, de Graeff A,
Groenvold M, et al. The practical impact of differential item
functioning analyses in a health-related quality of life instrument.
Qual Life Res. 2009;18:1125–30.

65. Oberndorfer S, Lindeck-Pozza E, Lahrmann H, Struhal W,
Hitzenberger P, Grisold W. The end-of-life hospital setting in
patients with glioblastoma. J Palliat Med. 2008;11:26–30.

66. Pace A, Di LC, Guariglia L, Jandolo B, Carapella CM, Pompili A. End
of life issues in brain tumor patients. J Neurooncol. 2009;91:39–43.

67. Sizoo EM, Braam L, Postma TJ, Pasman HR, Heimans JJ, Klein
M, et al. Symptoms and problems in the end-of-life phase of high-
grade glioma patients. Neuro Oncol. 2010;12:1162–6.

68. Taphoorn MJ, Klein M. Cognitive deficits in adult patients with
brain tumours. Lancet Neurol. 2004;3:159–68.

69. Fayers P, Machin D. Quality of life. Assessment, analysis and
interpretation. Chichester: Wiley; 2000.

70. Sneeuw KC, Sprangers MA, Aaronson NK. The role of health care
providers and significant others in evaluating the quality of life of
patients with chronic disease. J Clin Epidemiol. 2002;55:1130–43.

71. Brown PD, Decker PA, Rummans TA, Clark MM, Frost MH,
Ballman KV, et al. A prospective study of quality of life in adults
with newly diagnosed high-grade gliomas: comparison of patient and
caregiver ratings of quality of life. Am J Clin Oncol. 2008;31:163–8.

72. Sneeuw KC, Aaronson NK, Osoba D, Muller MJ, Hsu MA, Yung
WK, et al. The use of significant others as proxy raters of the quality
of life of patients with brain cancer. Med Care. 1997;35:490–506.

73. Sneeuw KC, Aaronson NK, Sprangers MA, Detmar SB, Wever
LD, Schornagel JH. Comparison of patient and proxy EORTC
QLQ-C30 ratings in assessing the quality of life of cancer patients.
J Clin Epidemiol. 1998;51:617–31.

74. Stephens RJ, Hopwood P, Girling DJ, Machin D. Randomized
trials with quality of life endpoints: are doctors' ratings of patients'
physical symptoms interchangeable with patients' self-ratings?
Qual Life Res. 1997;6:225–36.

75. Moinpour CM, Lyons B, Schmidt SP, Chansky K, Patchell RA.
Substituting proxy ratings for patient ratings in cancer clinical
trials: an analysis based on a Southwest Oncology Group trial in
patients with brain metastases. Qual Life Res. 2000;9:219–31.

76. • Quinten C, Maringwa J, Gotay CC, Martinelli F, Coens C, Reeve
BB, et al. Patient self-reports of symptoms and clinician ratings as
predictors of overall cancer survival. J Natl Cancer Inst.
2011;103:1851–8. This study examined the extent to which
HRQOL scores of cancer patients and clinicians corresponded
and if both contributed to the estimation of overall survival.
Patient- and clinician-reported HRQOL scores did differ, but
contributed independently and positively to survival prognostica-
tion. The subjective measure of a patient thus complements clini-
cian scoring in predicting overall survival.

77. Wilson KA, Dowling AJ, Abdolell M, Tannock IF. Perception of
quality of life by patients, partners and treating physicians. Qual
Life Res. 2000;9:1041–52.

78. Milne DJ, Mulder LL, Beelen HC, Schofield P, Kempen GI,
Aranda S. Patients' self-report and family caregivers' perception
of quality of life in patients with advanced cancer: how do they
compare? Eur J Cancer Care (Engl). 2006;15:125–32.

79. Giesinger JM, Golser M, Erharter A, Kemmler G, Schauer-Maurer
G, Stockhammer G, et al. Do neurooncological patients and their
significant others agree on quality of life ratings? Health Qual Life
Outcomes. 2009;7:87.

80. McPhail S, Beller E, Haines T. Two perspectives of proxy
reporting of health-related quality of life using the Euroqol-
5D, an investigation of agreement. Med Care. 2008;46:1140–
8.

359, Page 8 of 9 Curr Neurol Neurosci Rep (2013) 13:359



81. Sprangers MA, Aaronson NK. The role of health care pro-
viders and significant others in evaluating the quality of life
of patients with chronic disease: a review. J Clin Epidemiol.
1992;45:743–60.

82. Pickard AS, Knight SJ. Proxy evaluation of health-related quality
of life: a conceptual framework for understanding multiple proxy
perspectives. Med Care. 2005;43:493–9.

83. Gundy CM, Aaronson NK. The influence of proxy perspective on
patient-proxy agreement in the evaluation of health-related quality
of life: an empirical study. Med Care. 2008;46:209–16.

84. Ruge MI, Ilmberger J, Tonn JC, Kreth FW. Health-related quality
of life and cognitive functioning in adult patients with
supratentorial WHO grade II glioma: status prior to therapy. J
Neurooncol. 2011;103:129–36.

85. Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living.
Gerontologist. 1969;9:179–86.

86. Sikkes SA, de Lange-de Klerk ES, Pijnenburg YA, Gillissen F,
Romkes R, Knol DL, et al. A new informant-based questionnaire
for instrumental activities of daily living in dementia. Alzheimers
Dement. 2012;8:536–43.

87. Osoba D, Bezjak A, Brundage M, Zee B, Tu D, Pater J. Analysis
and interpretation of health-related quality-of-life data from clini-
cal trials: basic approach of The National Cancer Institute of
Canada Clinical Trials Group. Eur J Cancer. 2005;41:280–7.

88. Bottomley A, Efficace F, Thomas R, Vanvoorden V, Ahmedzai
SH. Health-related quality of life in non-small-cell lung cancer:

methodologic issues in randomized controlled trials. J Clin Oncol.
2003;21:2982–92.

89. Efficace F, Bottomley A, Vanvoorden V, Blazeby JM.
Methodological issues in assessing health-related quality of life
of colorectal cancer patients in randomised controlled trials. Eur J
Cancer. 2004;40:187–97.

90. Efficace F, Osoba D, Gotay C, Sprangers M, Coens C, Bottomley
A. Has the quality of health-related quality of life reporting in
cancer clinical trials improved over time? Towards bridging the
gap with clinical decision making. Ann Oncol. 2007;18:775–81.

91. Mauer ME, Taphoorn MJ, Bottomley A, Coens C, Efficace F,
Sanson M, et al. Prognostic value of health-related quality-of-life
data in predicting survival in patients with anaplastic
oligodendrogliomas, from a phase III EORTC brain cancer group
study. J Clin Oncol. 2007;25:5731–7.

92. Efficace F, Bottomley A, Osoba D, Gotay C, Flechtner H, D'haese
S, et al. Beyond the development of health-related quality-of-life
(HRQOL) measures: a checklist for evaluating HRQOL outcomes
in cancer clinical trials—does HRQOL evaluation in prostate can-
cer research inform clinical decision making? J Clin Oncol.
2003;21:3502–11.

93. Sprangers MA, Moinpour CM, Moynihan TJ, Patrick DL, Revicki
DA. Assessing meaningful change in quality of life over time: a
users' guide for clinicians. Mayo Clin Proc. 2002;77:561–71.

94. Staquet M, Berzon R, Osoba D, Machin D. Guidelines for
reporting results of quality of life assessments in clinical trials.
Qual Life Res. 1996;5:496–502.

Curr Neurol Neurosci Rep (2013) 13:359 Page 9 of 9, 359


	Health-related Quality of Life in Patients with Brain Tumors: Limitations and Additional Outcome Measures
	Abstract
	Introduction
	HRQOL Measurement Tools
	Use of HRQOL in Clinical Practice
	Methodological Limitations of HRQOL Measurements in Trials
	Selection Bias
	Timing of the Assessments
	Missing Data
	Response Shift
	Differential Item Functioning
	Cognitive Deterioration

	Additional Measures
	Proxy Ratings
	Instrumental Activities of Daily Living

	Considerations and Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



