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Abstract Background Performance status (PS) scoring
systems are tools of immense clinical importance in the
management of patients with malignant disease but these
tools are subjective and do not provide an objective eval-
uation of physical functioning. We conducted a pilot study
to explore the feasibility and clinical utility of functional
capacity testing to assess physical functioning in recurrent
primary malignant glioma patients. Patients and methods
Using a cross-sectional design, consecutive patients with
recurrent glioma performed a six minute walk (6MW) test
to assess functional capacity. Performance status was
assessed using Karnofsky Performance Status (KPS) scor-
ing system. QOL was assessed by the Functional
Assessment of Cancer Therapy-Brain scale. Self-reported
exercise behavior was assessed using the Godin Leisure
Time Exercise Questionnaire (GLTEQ). Results A total of
171 patients were recruited and tested. Seventy percent
were diagnosed with glioblastoma multiforme (WHO grade
IV) and 85% were undergoing therapy. Median KPS was
90% (range, 70-100%). Median 6MW distance was 400 m
(range, 102-630 m), equivalent to 56 + 13% (range,
14-87%) of that predicted for age and sex. KPS, self-
reported exercise, and QOL increased across 6MW dis-
tance quartiles (P < 0.05) although there was considerable
variation within each category. 6MW distance and KPS
were significantly correlated with each other (r = 0.34,
P < 0.01) and several QOL domains (range, r = —0.43 to
0.46, P < 0.05). Conclusions 6MW distance is a clinically
feasible tool that provides an objective measure of physical
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functioning in select patients with recurrent glioma. Further
research is required to investigate the prognostic value of
these tests in patients with advanced malignancy.
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Introduction

Performance status (PS) scoring systems are tools of
immense clinical importance in the management of patients
with newly diagnosed or recurrent primary high grade
glioma [1-3]. PS involves the subjective evaluation of
patients’ global physical functioning and capability of
independent living and self-care as determined by oncol-
ogy professionals. Using scoring systems such as KPS, PS
has been demonstrated to be a strong, independent pre-
dictor of survival and QOL with higher scores favoring
better prognosis [1-7]. Indeed, KPS is a central component,
together with other factors (e.g., age, extent of resection,
etc.), of the established recursive partitioning analysis
(RPA) undertaken by the Radiation Therapy Oncology
Group (RTOG) [2, 3] as well as a newly derived prognosis
prediction nomogram for newly diagnosed glioblastoma
[1]. Both tools can be used to classify patients into prog-
nostic risk categories and are routinely used clinically in
the planning, randomization, eligibility, and evaluation of
clinical trials as well as in decisions regarding the ‘optimal’
therapeutic approach in clinical practice.

Despite widespread clinical use, PS scoring systems are
subjective, have poor inter-rate reliability, and are weak
predictors of prognosis when PS is ‘good’ (i.e., KPS, >70%;
ECOG, 0-1) [8-11]. Further, high grade glioma patients
receive a broad of range of concurrent or sequential
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aggressive therapies that profoundly impact patients’ phys-
ical functioning and QOL [12-14]; QOL and functional
health status (assessed via self-report) are independent pre-
dictors of survival in primary glioma [15-18]. Thus,
alternative methods that provide an objective assessment of
physical functioning may allow for more accurate prognos-
tication and personalized patient care.

Functional capacity testing is widely used in numerous
clinical settings and provides a wealth of prognostic and
decision-making information [19]. Among the wide number
of tests available, a six minute walk test (6MWT) has been
demonstrated to be a simple and clinically feasible test to
evaluate functional capacity, and a robust predictor of
mortality in numerous clinical settings [20-24]. The 6o MWT
was originally developed for patients with severe cardiac or
pulmonary disease; the utility of this test to assess functional
capacity among individuals with neurological impairments,
poor PS and life expectancy, and comorbid disease such as
recurrent glioma patients is unknown. Accordingly, we
conducted a pilot study to explore the feasibility and clinical
utility of the 6BMWT to assess physical functioning in 171
patients with recurrent glioma. We also examined the cor-
relation between 6MW distance, KPS, QOL, and other
clinical variables. We hypothesized thata 6 MWT would be a
feasible and valid tool to assess physical functioning, and
correlated with KPS, QOL, and several clinical variables.

Method
Setting and patients

Patients with histologically confirmed, recurrent WHO grade
III/IV malignant glioma (i.e., glioblastoma multiforme,
anaplastic astrocytoma, or anaplastic oligodendroglioma)
presenting at the Preston Robert Tisch Brain Tumor Center
(PRT-BTC) at Duke University Medical Center (DUMC).
Other major eligibility criteria were: (1) legal age (>18 years
old), (2) Karnofsky performance status of at least 70% at study
entry, (3) primary attending oncologist approval, (4) ability to
read and understand English, and (5) no contraindications to a
6MWT as per American Thoracic Society (ATS) recom-
mendations [25]. Patients who were currently undergoing
therapy or off-therapy were eligible for study participation.
The DUMC institutional review board approved the study and
written informed consent was obtained from all participants
prior to initiation of any study procedures.

Procedures
Using an observational, cross-sectional design, potential

participants were identified and screened for eligibility via
medical record review of patients scheduled for routine
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follow-up care consultation at the PRT-BTC. Immediately
following the consultation and primary attending oncolo-
gist approval, potential patients were provided with a
thorough review of the study by the study coordinator and
asked if they were willing to participate. Consenting
patients were then asked to complete a 6MWT and the
study questionnaire.

Outcome assessments
Functional capacity

Functional capacity was assessed using a 6MWT [25]. The
patient was instructed to walk at their fastest pace and to
cover the longest possible distance over 6 min under the
supervision of an American College of Sports Medicine
(ASCM) certified exercise specialist. All participants were
provided with standard phrases of encouragement
throughout the assessment in accordance with the ATS
guidelines [25]. The distance walked was determined in a
measured corridor and performed according to the ATS
guidelines [25]. During exercise, oxyhemoglobin saturation
(SpO,) and heart rate was monitored continuously using
pulse oximetry (BCI, Hand-Held Pulse Oximeter, Wauke-
sha, WN). Age and sex-predicted 6MWD was calculated
from the equation of Gibbons et al. [26].

Quality of life

Quality of life (QOL) was assessed using the Functional
Assessment of Cancer Therapy-Brain (FACT-BR) scale
[27]. The FACT-BR contains subscales for physical (PWB,
7-items), functional (FWB, 7-items), emotional (EWB, 6-
items), and social/family (SWB, 7-items) well-being. The
four subscales were summed to obtain the FACT-G score
(all 27-items). In addition, the FACT-BR contains a 19-
item brain cancer subscale (BCS) which assesses symp-
toms commonly reported by brain cancer patients (e.g.,
problems concentrating; cognitive function; vision, etc.)
[27]. Fatigue was assessed by the 13-item Fatigue Scale
(FS) of the FACT measurement system developed specif-
ically for cancer patients [28].

Clinical parameters and performance status

Medical characteristics were abstracted from medical
records. Performance status was assessed using the KPS
scale and was assessed at the time of study enrollment by
the attending oncologist. KPS scores range from 0 (dead) to
100 (normal; no evidence of disease and no physical
complaints). Self-reported exercise over the past month
was assessed by the Godin Leisure Time Exercise Ques-
tionnaire [29, 30].
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Statistical analysis

The initial analysis provided descriptive information on
clinical parameters and study outcomes. To determine
differences on study endpoints based on 6MW distance (m)
quartiles (i.e., <320, 320-399.9, 400-463.9, >464 m) we
used one-way analysis of variance (ANOVA) followed by
post-hoc pair-wise comparisons as appropriate. Linear
regression analysis was used to determine the univariate
association between 6MW distance and KPS, QOL, exer-
cise behavior, and select clinical characteristics. To
facilitate interpretation, select clinical characteristics were
collapsed into dichotomous variables as follows: age (<50
vs. >50 years); sex (male vs. female); histology (WHO
grade IV vs. WHO grade III); therapy (on-therapy vs. off-
therapy); time since diagnosis (<32 vs. >32 months); and
decadron use (yes vs. no). Data are presented as
mean =+ standard deviation. Statistical significance was set
at P < 0.05 for all analyses.

Results

Participant recruitment took place between May 2007 and
June 2008. In brief, 567 patients were screened for study
eligibility during the study period. Of these, 382 (67%) met
inclusion criteria and 171 (45%) agreed to participate and
completed all study procedures. Major reasons for non-
eligibility were KPS <70% (n = 75), oncologist non-
approval (n = 33), and physical impairment (n = 12).
Major reasons for study refusal were not interested
(n = 54), no time (n = 36), and not feeling well (n = 22).

Clinical characteristics

Patient characteristics are presented in Table 1. In sum-
mary, participants mean age was 49 + 11 (range, 20—
77 years) and 68% were male. Seventy percent were
diagnosed with glioblastoma multiforme, median KPS was
90% (ranging from 70 to 100%), and 85% were currently
on active therapy. The median number of disease pro-
gressions was 1 (range, 1-7). The median time to study
enrollment from original diagnosis was 22 months (range,
3-176 months). Median 6MW distance was 400 (range,
102-630 m), equivalent to 44% below that predicted for
age and gender. There were no adverse events or abnormal
heart rate or SpO, responses during testing. Participants
reported a mean of 164 £ 201 total weekly exercise min-
utes; 25% were currently meeting national exercise
guidelines (i.e., >150 min of moderate to vigorous exer-
cise/week) [31], and 26% reported no exercise behavior.
Mean overall QOL, as assessed by the FACT-BR, was
132 £ 23 (range, 50-178) while mean Trial Outcome

81
Table 1 Patient characteristics (n = 171)*
Variable
Age (years) 49 + 11
Gender (% male) 68
Histology (n %)
Grade IV (Glioblastoma multiforme) 119 (70)
Grade III (Anaplastic astrocytoma, 51 (30)
anaplastic oligodendroglioma
Karnofsky performance status (n %)
100 26 (15)
90 81 (47)
80 54 (32)
70 10 (6)
Receiving cytotoxic therapy (n %) 142 (85)
Receiving decadron therapy (%) 46 (27)
Mean dose (range) (mg) 4 (0.25-12)
Median no. of prior recurrences (range) 1(1-7)
Exercise tolerance
Six minute walk distance (m) 390 £+ 93
Six minute walk distance (predicted %) 56 + 13
Self-reported exercise behavior
Total min/week 164 + 201
Meeting national guidelines (%) 25
No exercise behavior (i.e., 0 min/week) (%) 26
FACT—Quality of life
Brain, 0-184 132 £ 23
General, 0-108 82 + 14
Trial outcome index, 0—132 91 + 19
Physical well-being, 0-28 22 +5
Functional well-being, 0-28 19+ 6
Emotional well-being, 0-24 19 £ 4
Social well-being, 0-28 23+ 4
Brain cancer specific subscale, 0-76 50 £ 12
Fatigue, 0-52 18 £ 11

4 Because of rounding, percentages may not equal 100%. Data pre-
sented as mean £+ SD

Index (TOI) and fatigue was 91 £ 4 (range, 29—126) and
18 £ 11 (range, 1-49), respectively. Concerning QOL
subscales, mean PWB, FWB, SWB, EWB, and BCS
was 22 +5, 194+6, 19+4, 23 +4, and 50 + 12,
respectively.

Univariate analysis: clinical variables associated
with walk distance

Univariate associations between 6MW distance, KPS, and
clinical variables are presented in Table 2. Variables sig-
nificantly correlated with 6MW distance were overall
QOL, TOI, fatigue, and KPS (range, » = —0.28 to 0.37,
P < 0.05). Variables significantly correlated with KPS
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were age, decadron use, overall QOL, TOI, and fatigue
(r = —0.43 to 0.46, P < 0.05). Higher 6MWD and KPS
was associated with higher QOL and lower fatigue. Neither
6MWD nor KPS were correlated with self-reported exer-
cise behavior.

Differences between clinical variables based on 6MWD
quartiles are presented in Table 3. There was a linear
improvement for all clinical variables across 6MW

Table 2 Univariate analysis: clinical variables associated with six
minute distance

Variable Walk distance KPS
r P-level r P-level

Sex .10 209 11 156
Age —.14 .063 —.18 .017
Histology .08 .306 .03 137
Therapy 13 .090 .09 235
Time since diagnosis .01 920 .08 .268
Decadron use .09 239 32 <.001
FACT-BR 33 <.001 43 <.001
TOI .37 <.001 46 <.001
Fatigue —.28 .001 —43 .001
Exercise behavior .10 113 15 .084
KPS 34 <.001 - -

r correlation coefficient; 6MWD six minute walk distance, KPS
Karnofsky Performance Status; FACT Functional Assessment of
Cancer Therapy, FACT-BR Brain, FACT-TOI Trial Outcome Index,
FACT-Fatigue

Exercise behavior defined as total minutes of self-reported total
exercise behavior/week

Select clinical characteristics were collapsed into dichotomous vari-
ables as follows: histology (WHO grade IV vs. WHO grade III);
therapy (on-therapy vs. off-therapy); time since diagnosis (<22 vs.
>22 months); and decadron use (yes vs. no)

distance quartiles (P < 0.05), except self-reported exercise
behavior and percent meeting exercise guidelines. KPS
increased across 6MW distance quartiles with the lowest
KPS score among patients with a 6MW distance <320 m
(KPS = 83 + 8%) and the highest among those with a
6MW distance >464 (KPS = 90 4+ 8%). The identical
pattern was observed for self-reported exercise behavior
and percentage of participants meeting national exercise
guidelines. QOL increased across 6MW distance quartiles
with the lowest QOL score among patients with a 6MW
distance <320 m (QOL = 119 £ 24) and the highest
among those with a 6MW distance >464 (QOL = 141 +
23). Identical patterns were observed for all remaining
QOL composite scores (i.e., TOI), brain-cancer specific
concerns, and fatigue.

Discussion

The principal finding of this study was that the 6MWT is a
safe and clinically feasible tool to evaluate functional
capacity in select patients with primary recurrent glioma. A
second important finding was that recurrent glioma patients
have a significant and marked reduction in functional
capacity. Finally, higher 6MW distance was associated
with higher KPS, self-reported exercise behavior, and sub-
domains of QOL. To our knowledge, this is the first study
to investigate the clinical utility of a 6MWT to evaluate
physical functioning in any cancer population.

The 6MWT was originally developed for patients with
severe cardiac disease (i.e., heart failure). Over the past
decade, the clinical utility of test has been further estab-
lished in a wide range of clinical populations including
patients with chronic obstructive pulmonary disease

Table 3 Differences between study endpoints based on six minute walk distance

Variable Six minute walk distance (m) P for trend
<320 (n = 38) 320-399.9 (n = 44) 400-4639 (n =42) >464 (n =41)
Physical functioning
Six minute walk distance (m) 260 + 49 363 £+ 25 424 + 16 503 + 34 <.001
Six minute walk distance (predicted %) 39 + 8 52+5 61 + 4 70 £ 6 <.001
Karnofsky performance status 83 £8 88 £ 7 88 £ 8 90 £+ 8 <.001
Exercise behavior
Total exercise (min/week) 144 £+ 222 173 + 220 154 + 182 182 + 182 .796
Meeting national guidelines (%) 18 + 39 22 £ 42 25 +£ 44 35 £48 .386
FACT—Quality of life
Brain, 0-184 119 £ 24 133 £ 20 133 £ 22 141 £ 23 .001
Trial outcome index, 0-132 79 + 20 92 + 17 92 + 20 99 + 18 <.001
Brain cancer specific subscale, 0-76 43 £ 11 51+ 11 52 + 12 55+ 11 <.001
Fatigue, 0-52 23 + 12 17+ 11 16 £ 10 14+9 .002

Data presented as mean + SD
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(COPD), peripheral artery disease, rheumatoid arthritis,
advanced emphysema, pulmonary artery hypertension, and
scleroderma. The value of these tests in a population with
severe neurological and functional impairments as well as
poor life expectancy, such as recurrent glioma patients, is
not known. Given the strong prognostic value of subjective
measures of physical functioning in recurrent glioma
together with the highlighted limitations of these instru-
ments, we felt that the 6MWT may provide a more
sensitive but clinically feasible alternative measure of
physical functioning. In support of this hypothesis, the
results of this study indicate that a 6MWT is a safe and
feasible assessment tool to objectively evaluate physical
functioning in select patients with recurrent glioma.
Indeed, despite poor PS and severe neurological and
functional impairments, recurrent glioma patients were
able to adequately conduct these tests with no adverse
events.

Clearly, 6MWTs are only appropriate for patients with a
‘good’ PS (i.e., KPS >70%) through limiting the general-
izability and clinical utility of these tests to all patients with
recurrent glioma or advanced malignancy. Indeed, of 567
screened for this study, 67% met inclusion criteria. The
major reason for non-eligibility was poor KPS (i.e., <70%).
Thus, our present results are likely only generalizable to
patients with good KPS, less advanced disease, and expe-
riencing less treatment-related complications. However, we
contend that objective measures of physical functioning
may be of most value in these patients. For instance, PS
scoring systems have been shown to be weak predictors of
prognosis when PS is good (i.e., >70%). We speculate that
among patients with ‘good’ PS, subjective scoring systems
are unable to successfully discriminate between patients
with a KPS of 70 vs. 80%, 90%, or 100%. This has
important implications since KPS is frequently considered
in the planning, randomization, eligibility, and evaluation
of clinical trials and in decisions regarding the ‘optimal’
therapeutic approach in clinical practice. Indeed, in the
majority of trials, a KPS >70% is often an eligibility cri-
terion. As demonstrated in this study, 6 MW distance varies
dramatically among patients within KPS categories of 70 to
100%, suggesting that a 6MWT may provide a more sen-
sitive and ‘real’ evaluation of physical functioning than
KPS. However, whether a more sensitive evaluation of
physical functioning translates into more accurate prog-
nosis prediction is not known and an important question for
future research.

In this study, median 6MW distance was 400 m or 44%
below that of age—sex matched comparison data despite a
minimum ‘good’ KPS eligibility requirement of >70%.
The poor functional capacity is lower than in our prior
work among patients with inoperable breast and lung
cancer [32]. We reported that exercise capacity, as assessed

by a cardiopulmonary exercise test to measure peak oxygen
consumption (VOppeax), Was 33 and 32% below age—sex
predicted norms among 46 advanced lung cancer patients
and 39 women with metastatic breast cancer receiving
palliative chemoradiation [32]. Although 6MWTs are
correlated with VOppeac (r = 0.67) [33], such tests are
submaximal and underestimate maximal exercise capacity.
Nevertheless, such testing provides a robust assessment of
functional capacity and is appropriate for frail, elderly, or
severely deconditioned clinical populations such as
patients with advanced malignancy [24]. Further such tests
provide a simple, safe, and cheap objective assessment that
can be performed in numerous clinical and research
settings.

The clinical importance of poor functional capacity
among patients with primary glioma or any other cancer
population is not known. 6MW distance is a strong inde-
pendent predictor of morbidity and mortality in a wide
range of clinical populations [20-23]. For example, Le-
derer and colleagues reported that idiopathic pulmonary
fibrosis (IPF) patients with a 6MWD less than 350 m had
significantly shorter survival than those with a 6MWD
greater than 350 m [34]. A recent updated study from the
same group reported an optimal patient stratification of
<207 vs. =207 m among IPF patients [20]. Other groups
have reported similar findings [35]. In this study, 30 and
4% of patients were below the 350 and 207 m cutpoints,
respectively. Further studies investigating the prognostic
value of objective measures of physical functioning (e.g.,
6MWD, VO,p..) among cancer patients, especially those
with advanced disease, are required.

A final noteworthy finding of this study was that both
6MWD and KPS were significantly correlated with each
other and several clinical endpoints (e.g., QOL, fatigue).
These findings corroborate prior reports indicating that
KPS is associated with QOL among patients with primary
glioma [13, 14], and our prior work indicating that objec-
tive measures of physical functioning are associated with
QOL in other malignancies with higher scores favoring
higher QOL and lower fatigue [36]. Together, these find-
ings provide preliminary evidence that interventions
demonstrated to increase 6MWD, may, in turn cause
favorable improvements in QOL and fatigue among
recurrent glioma patients. Several studies have provided
strong evidence that structured exercise training interven-
tions are associated with significant and potential clinically
meaningful improvements in QOL across numerous cancer
populations at various stages of disease and treatment [37].
Prior studies have not, however, studied the effects of
exercise training among cancer patients with neurologic
and/or cognitive abnormalities although patients suffering
from hemiparetic stroke [38] and Parkinson’s disease [39]
derive substantial benefit from exercise rehabilitation.
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Future studies investigating the safety and efficacy of
appropriately prescribed exercise training on QOL and
other relevant endpoints among patients with primary gli-
oma are required.

This study does have limitations. The most important
limitation, as previously discussed, is patient selection bias
because of the relatively low eligibility rate, the transparent
purpose of the investigation, and exclusion of patients with
poor KPS (<70%). As such, patients with better KPS, less
advanced disease, and experiencing less treatment-related
complications were probably more likely to participate in
this study. In addition, we only examined the relationship
between 6MWD and KPS as rated by only one observer
(i.e., the attending oncologist). Future studies are required
to investigate the relationship between objective measures
of physical functioning and other PS scoring systems used
in the oncology setting. Other limitations are the relatively
small sample size, particularly those with a KPS of 70%,
and the cross-sectional study design. Future large-scale
studies are required using prospective and/or repeated
measure designs.

In summary, this study provides promising but pre-
liminary evidence for the feasibility of a 6 MWT to evaluate
functional capacity in select patients with recurrent glioma.
Large-scale studies investigating the prognostic value of
these tests in patients with advanced malignancy are now
required. Identifying new informative predictive parameters
that complement existing prognostic risk classification sys-
tems can facilitate the paradigm shift towards personalized
medicine.
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