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Object. The median survival duration for patients with glioblastoma is approximately 12 months. Maximizing
quality of life (QOL) for patients with glioblastoma is a priority. An important, yet understudied, QOL component
is functional independence. The aims of this stucly were to evaluate functional outcomes over time for patients with
glioblastoma, as well as identify factors associated with prolonged functional independence.

Methods. All patients who underwent first-time resection of either a primary (de novo) or secondary (prior lower
grade glioma) glioblastoma at a single institution from 1996 to 2006 were retrospectively reviewed. Patients with
a Karnofsky Performance Scale (KPS) score = 80 were included. Kaplan-Meier, log-rank, and multivariate propor-
tional hazards regression analyses were used to identify associations (p < 0.05) with functional independence (KPS
score = 60) following glioblastoma resection.

Results. The median follow-up duration time was 10 months (interquartile range [IQR] 5.6-17.0 months). A
patient’s preoperative (p = 0.02) and immediate postoperative (within 2 months) functional status was associated with
prolonged survival (p < 0.0001). Of the 544 patients in this series, 302 (56%) lost their functional independence at a
median of 10 months (IQR 6-16 months). Factors independently associated with prolonged functional independence
were: preoperative KPS score = 90 (p = 0.004), preoperative seizures (p = 0.002), primary glioblastoma (p <0.0001),
gross-total resection (p < 0.0001), and temozoloride chemotherapy (p < 0.0001). Factors independently associated
with decreased functional independence were: older age (p < 0.0001), coexistent coronary artery disease (p = 0.009),
and incurring a new postoperative motor deficit (p = 0.009). Furthermore, a decline in functional status was indepen-
dently associated with tumor recurrence (p = 0.01).

Conclusions. The identification and consideration of these factors associated with prolonged functional outcome
(preoperative KPS score = 90, seizures, primary glioblastoma, gross-total resection, temozolomide) and decreased
functional outcome (older age, coronary artery disease, new postoperative motor deficit) may help guide treatment
strategies aimed at improving QOL for patients with glioblastoma. (DOI: 10.3171/2010.4.JNS091340)
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mon malignant type of primary CNS tumor in

adults.!” These tumors are characterized by their
propensity to invade and infiltrate surrounding normal
brain parenchyma, making curative resection unlikely.'*
Patients with these devastating tumors have a median
survival of approximately 12 months.”>'7 Despite ad-
vances in medical and surgical therapy, this median sur-

GLIOBLASTOMA {(WHO Grade IV) is the most com-

Abbreviations used in this paper: BCNU = 1,3-bis-(2-chloro-
ethyl)-1-nitrosourea; CAD = coronary artery disease, CCNU =
1-(2-chloroethyl)-3-cyclohexyl-nitrosourea; GTR = gross-total
resection; IQR = interquartile range; KPS = Karnofsky Performance
Scale; QOL = quality of life; RPA = recursive partitioning analysis;
RR = relative risk; STR = subtotal resection.
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vival rate has not substantially improved over the past
decade.® This poor survival rate places an emphasis on
understanding the effects of surgery on QOL for patients
harboring glioblastomas.

Whereas most clinical studies attempt to find factors
associated with prolonged survival, QOL remains under-
studied. A key component of QOL, regardless of disease,
is functional independence.>'%2*%¥ Functional indepen-
dence is defined as the ability to conduct normal activity
with the ability to attend to most personal needs.>'62038 A
successful treatment would therefore prolong functional

This article contains some figures that are displayed in color
online but in black and white in the print edition.
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independence. Studies on functional independence for
patients with glioblastoma, however, are few and lim-
ited‘8,37,41,42

The aims of this study were to evaluate the functional
outcomes of patients over time after glioblastoma resec-
tion, as well as identify factors associated with prolonged
functional independence. An understanding of the func-
tional outcomes, as compared with survival, may argu-
ably be more important to some patients. Some patients
may argue that prolonged functional independence is
more important than prolonged survival with functional
impairment. Furthermore, the ability to identify clinical
factors associated with prolonged functional indepen-
dence may allow clinicians to risk-stratify patients, as
well as guide treatment strategies.

Methods
Patient Population and Recorded Variables

The clinical, operative, and hospital course records
of all patients undergoing resection of a supratentorial
glioblastoma at a single academic tertiary-care institution
between 1996 and 2006 were retrospectively reviewed.
The information collected from neurosurgery and neu-
rooncology clinical notes included patient demograph-
ics, comorbidities, presenting symptoms, neuroimaging
results, neurological function, and adjuvant therapy. For
patients with prior tumors, the presenting characteristics
were documented based on the symptoms present imme-
diately prior to surgery for their glioblastoma.

The KPS index was used to classify patients’ func-
tional independence.?3® The KPS scores were assigned
by 2 clinicians, blinded to patient outcomes, for each clin-
ical visit. According to this scoring scheme, patients with
a KPS score = 60 were considered functionally indepen-
dent, because they did not require considerable assistance
and medical care.?38 Recursive partitioning analysis was
also assigned to the patients.® The MR imaging char-
acteristics that were recorded included the lesion’s size
(largest diameter based on FLAIR imaging), specific lobe
involvement, and presence of a hemorrhagic component,
all confirmed by an independent neuroradiologist.

In general, the aim of surgery was to achieve GTR
of the tumor when possible. Subtotal resection was per-
formed primarily when the tumor involved eloquent brain
as confirmed by intraoperative mapping and/or monitor-
ing (awake/speech language mapping, direct cortical
motor stimulation, and motor evoked or somatosensory
evoked potentials). Motor and somatosensory evoked
potentials were routinely used in the majority of cases,
whereas surgical navigation (CT and/or MR imaging
wand) was used in all cases after 2001. The use of motor
mapping or electrocorticography largely depended upon
the preference of the surgeon. Motor or speech mapping
was primarily used when the tumor was near the speech
or motor cortex, respectively. Extent of resection was ret-
rospectively classified from MR imaging reports obtained
< 48 hours after resection as either GTR or STR by an in-
dependent neuroradiologist blinded to patient outcomes.
Subtotal resection and GTR were defined as those tumors
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with residual and no residual enhancement, respectively,
achieved by comparing pre- and postoperative MR im-
ages. Notably, the extent of resection was not based on the
surgeon’s intraoperative impressions, because this method
would be more subjective and prone to bias. Additionally,
the degree of resection was not uniformly recorded and
therefore could not be analyzed. Perioperative death was
defined as death within 30 days of surgery.

The use of Gliadel wafer therapy (Eisai Inc.) was de-
termined by both the surgeon as well as the patient. Glia-
del wafers were typically notimplanted when tumors were
multifocal, extended across the corpus callosum, required
large opening of the ventricle, or believed to be subtotally
resected during the operation. Likewise, the particular use
of adjuvant radiation and chemotherapy was determined
by the surgeon, radiation oncologist, medical oncologist,
and the patients themselves. Survival data were obtained
from the social security index database (http://www. ssdi.
rootsweb.ancestry.com).

Patient Selection

Patients with a KPS score = 80 and who underwent a
first-time resection of a primary (de novo) or a secondary
glioblastoma (prior diagnosis of a lower grade glioma)
were included in the analysis. Patients with a KPS score =
80 were included in this study because these patients are
highly functional and this cutoff point has been found to
be significantly associated with survival in several stud-
ies>132528 These patients were subsequently followed up
until they lost their functional independence (KPS score
< 60). According to the KPS, a score < 60 correlates with
a loss of functional independence.?**® Furthermore, the
classification of primary glioblastoma was based on the
WHO classification?? and was determined by our senior
neuropathology staff. The identification of secondary glio-
blastoma was determined by our senior neuropathology
staff who were blinded to patient outcomes. The criteria
for pathologically identifying secondary glioblastoma was
loosely based on the WHO classification scheme, includ-
ing cellular pleomorphism, mitoses, endothelial prolif-
eration, pseudopalisading, and necrosis. The designation
of primary versus secondary glioblastoma was based on
clinical criteria because genomic data were not routinely
obtained at our institution. Primary glioblastoma were
those that arose de novo, whereas secondary glioblas-
toma presumably arose in patients with a prior history of
a lower grade glioma. Patients with repeat glioblastoma
resections, as well as those with infratentorial glioblas-
tomas or who underwent needle biopsy procedures, were
excluded from the analysis. Furthermore, patients without
sufficient clinical information to assign a KPS score were
also excluded. These criteria were used to create a more
uniform patient population with functionally independent
patients to help understand the effects of resection on
functional outcomes for patients with glioblastoma.

Statistical Analysis

All analyses were performed using the statistical
program JMP version 7 (SAS Institute) unless otherwise
noted. Summary data were presented as means + SDs for
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parametric data and as median (IQR) for nonparamet-
ric data. The Kappa statistic was used to assess interob-
server reliability for assigning KPS score.? Percentages
were compared using the Fisher exact test. For intergroup
comparison, the Student t-test was used for parametric
data and the Mann-Whitney U-test for nonparametric
data. The Kaplan-Meier method was used to plot func-
tional independence for patients with glioblastoma as a
function of time, and the log-rank analysis was used to
compare Kaplan-Meier plots (GraphPad Prism 5). Multi-
variate proportional hazards regression analysis was used
to identify factors associated with functional indepen-
dence for patients with glioblastoma. In this analysis, all
variables associated with functional independence in the
univariate analysis (p < 0.10) were included in a stepwise
multivariate logistical regression model. Probability val-
ues < 0.05 in these analyses were considered statistically
significant. The percentage of functional independence
duration was determined by dividing the functionally in-
dependent time by survival time following resection.

Results
Preoperative Characteristics

The patient information is summarized in Table 1.
A total of 844 patients underwent resection of a glioblas-
toma during the reviewed period. Of these 844 patients,
544 patients met the inclusion/exclusion criteria, and
333 (61%) of the patients were male. The average patient
age was 52 = 16 years at the time of surgery. Sixty-three
(12%), 198 (36%), and 282 (52%) patients had a KPS score
of 100, 90, and 80, respectively. Ninety-six of the patients
(18%) had an RPA Class of I1I, whereas 448 (82%) had
an RPA Class of IV. Ninety-four patients (17%) presented
with seizures, 141 (26%) with headaches, 32 (6%) with
nausea and vomiting, 122 (22%) with motor deficits, 96
(18%) with speech or language difficulty, 80 (15%) with
visual deficits, and 28 (5%) with sensory deficits. The av-
erage size of the tumor was 4.2 = 1.6 cm, and 259 (48%)
involved the frontal lobe, 114 (21%) the parietal lobe, 138
(25%) the temporal lobe, and 33 (6%) the occipital lobe.
The tumor primarily involved the cortex in 156 patients
(29%). The tumor was a primary and secondary glioblas-
toma in 328 (60%) and 216 (40%) patients, respectively.
Among patients with secondary glioblastoma, 142 (66%)
had received prior radiation therapy, 19 (9%) prior temo-
zolomide chemotherapy, and 12 (6%) a prior nontemo-
zolomide chemotherapeutic agent (cisplatin, BCNU, and
others). In addition, 21 patients (10%) had more than 1
recurrence of a nonglioblastoma glioma.

Perioperative and Postoperative Quicomes

Gross-total resection was achieved in 249 patients
(46%; Table 2). There were 5 cases of perioperative death
(1%). Thirty-five (6%), 5 (1%), and 25 (5%) patients in-
curred a new or increased motor, visual, and language
deficit, respectively. Two hundred and three patients (37%)
had Gliadel wafers placed at the time of surgery, while
159 (29%), 39 (7%), 24 (4%), and 23 (4%) underwent te-
mozolomide, BCNU, CCNU, and cisplatin chemotherapy,
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TABLE 1: Preoperative characteristics of 544 patients with
glioblastoma

Preoperative Characteristics Value (%)
male 333(61)
female 211 (39)
mean age (yrs) £ SD 52+ 16
KPS score

100 63 (12)
90 198 (36)
80 282 (52)
RPA class
i 96 (18)
v 448 (82)
preop Sx
seizures 94 (17)
headaches 141 (26)
nausea/vomiting 32 (6)
motor deficit 122 (22)
sensory deficit 28 (5)
language deficit 96 (18)
visual deficit 80 (15)
gait deficit 26 (5)
confusion/memory loss 17 (3)
urinary incontinence 2(0.4)
tumor
mean size (cm) £ SD 42116
frontal 259 (48)
temporal 138 (25)
parietal 14 (21)
occipital 33(6)
hemorrhagic 41(8)
cortical 156 (29)
primary resection 328 (60)
secondary resection 216 (40)

respectively. Ninety-five patients (17%) underwent some
other type of chemotherapy including methotrexate,
procarbazine, and vincristine. Of the 159 patients who
underwent temozolomide therapy, 89 (56%) received te-
mozolomide according to the protocol used in the study
of Stupp et al.*® Three hundred ninety-six patients (73%)
underwent radiotherapy, with a median dose of 6000 cGy
(IQR 5940-6000 cGy).

Interobserver Reliability

The Kappa statistic was used to assess interobserver
reliability for assigning a KPS score? The Kappa value
between the 2 clinicians was 0.94 (95% CI 0.90-0.98).
This value is associated with near-perfect agreement be-
tween the 2 clinicians in assigning KPS scores.?

Functional Outcome Over Time

At a median follow-up time of 10 months (IQR 5.6—
17.0 months), 302 patients (56%) lost functional indepen-
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TABLE 2: Perioperative and postoperative characteristics of 544
patients with glioblastoma

Characteristic Value (%)
GTR 249 (46)
STR 295 (54)
periop death 5(1)
postop motor deficit 35 (6)
postop visual deficit 5(1)
postop language deficit 25 (5)
adjuvant therapy
Gliadel 203 (37)
temozolomide 159 (29)
BCNU 39(7)
CCNU 24 (4)
cisplatin 23 (4)
other chemotherapy 95 (17)
radiation therapy 396 (73)
median radiation dose (cGy) 6000 (IQR 5940-6000)
median follow-up duration in mos 10 (IQR 6-16)
loss of functional independence 302 (56)
median time to loss of function in mos 10 (IQR 4-19)

dence (KPS score < 60; Fig. 1). In a subgroup analysis,
patients with a preoperative KPS score > 80 were able to
remain functionally independent for a median duration of
11 months, as compared with 9 months for patients with
a KPS score of 80 (p = 0.006). The 6-, 12-, and 18-month
functional independence rates for patients with a preop-
erative KPS score > 80 were 74%, 45%, and 30%, respec-
tively. Patients with a preoperative KPS score of 80 had
6-, 12-, and 18-month functional independence rates of
62%, 38%, and 23%, respectively (Fig. 2). Furthermore,
patients with primary glioblastoma had a median func-
tional independence duration of 12 months as compared
with 8 months for patients with secondary glioblastoma (p
< 0.0001). The 6-, 12-, and 18-month functional indepen-
dence rates for patients with primary glioblastoma were
74%, 48%, and 35%, respectively. In patients with sec-
ondary glioblastoma, the 6-, 12-, and 18-month functional
independence rates were 58%, 31%, and 12%, respectively
(Fig. 3). In regards to temozolomide chemotherapy, the
median functional independence duration was 14 months
for patients who received temozolomide as compared
with 8 months for patients who did not receive temozolo-
mide (p = 0.0001).

The median survival duration for patients in this study
was 11.6 months (IQR 6.5-21.7 months). Patients in this
study remained functionally independent for a median of
10 months (IQR 6-16 months). For all patients, this corre-
sponded to a median percentage functional independence
duration after surgery of 65% (IQR 39-89%).

Functional Status and Survival

Among the patients in this study, improved preop-
erative functional status was associated with prolonged
survival (RR 0.987, 95% CI 0.975-0.998; p = 0.02); pa-
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Fic. 1. Kaplan-Meier plot of maintaining functional independence for
all patients with glioblastoma in this study. The median time for main-
taining functional independence was 10 months, whereas the 6-, 12-,
and 18-month functional independence rates were 68%, 41%, and 27%
respectively.

o

tients with KPS scores = 90 had the greatest statistical as-
sociation with survival (RR 0.796. 95% CI 0.674-0.939;
p = 0.008). Importantly, higher immediate postoperative
(within 1 month) KPS score was also significantly associ-
ated with prolonged survival (RR 0.968, 95% CI 0.962—
0.974; p < 0.0001); patients with KPS scores = 90 had the
greatest statistical association with survival (RR 0.628,
95% CI 0.528-0.747; p < 0.0001). Interestingly, immedi-
ate postoperative KPS score had a stronger association
with prolonged survival as compared with preoperative
functional status.

Factors Associated With Maintaining Functional
Independence

Univariate Analysis. In the univariate analysis, the
factors that were associated with maintaining prolonged
functional independence were: preoperative KPS score
= 90, presence of preoperative seizures or headaches,
patients with primary glioblastoma, those with GTR of
their glioblastoma, and those who received Gliadel, te-
mozolomide, or radiation adjuvant therapy. Additionally,
the factors that were associated with a decreased ability
to maintain functional independence in the univariate
analysis were: increasing age at the time of surgery, pres-
ence of specific comorbidities (CAD, chronic obstructive
pulmonary disorder, or hypertension), preoperative mo-
tor deficits or language deficits, and those who incurred
a new postoperative motor or language deficit. No other
clinical, imaging, or pathological variables were found
to be associated with functional independence, including
postoperative visual and sensory deficits.

Multivariate Analysis. In stepwise multivariate anal-
ysis, the factors significantly associated with prolonged
functional independence were: preoperative KPS score =
90 (OR 0.721,95% C1 0.581-0.898; p = 0.004), preopera-
tive seizures (OR 0.606, 95% CI 0.431-0.832; p = 0.002),
primary glioblastoma (OR 0.588, 95% CI 0.467-0.742;
p < 0.0001), GTR (OR 0.579, 95% CI 0.467-0.718; p <
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Fic. 2. Graph of maintaining functional independence for patients
with glioblastoma comparing those patients with a preoperative KPS
score > 80 versus 80. The median time for maintaining functional in-
dependence for patients with a preoperative KPS score > 80 was 11
months, whereas the 6-, 12-, and 18-month functional independence
rates were 74%, 45%, and 30%, respectively. The median time for
maintaining functional independence for patients with a preoperative
KPS score of 80 was 9 months, whereas the 6-, 12-, and 18-month
functional independence rates were 62%, 38%, and 23%, respectively.
These groups were significantly different (p = 0.006).

0.0001), and temozolomide chemotherapy (OR 0.622,
95% CI 0.487-0.789; p < 0.0001; Table 3). The factors
that were associated with decreased ability to maintain
functional independence were: increasing age (OR 1.020,
95% CI 1.012-1.028; p < 0.0001), CAD (OR 2.898, 95%
CI 1.348-5.487, p = 0.009), and new postoperative motor
deficit (OR 1.677,95% CI 1.133-2.400; p = 0.01). Of note,
patients who were older than 50 at the time of surgery had
the greatest statistical association with decreased func-
tional independence (OR 2.658, 95% CI 1.316-4.744; p
= 0.009). Interestingly, preoperative language deficit was
not statistically associated with maintaining functional
independence (p = 0.27).

In a subgroup analysis, after stratifying patients by
preoperative KPS score, patients with primary glioblas-
toma had a significantly longer period of prolonged func-
tional independence as compared with patients with sec-
ondary glioblastoma. Among patients with a preoperative
KPS score = 90, patients with primary glioblastoma had
a median functional independence duration of 14 months
as compared with 8 months for patients with secondary
glioblastoma (p = 0.0001). Among patients with a preop-
erative KPS score of 80, patients with primary glioblas-
toma had a median functional independence duration of
10 months as compared with 7 months for patients with
secondary glioblastoma (p = 0.009). Additionally, after
controlling for factors known to be associated with sei-
zures (temporal lobe involvement, cortical location, and
tumor size), seizures remained significantly associated
with prolonged functional independence (RR 0.530, 95%
CI 0.362-0.751; p = 0.0002). Furthermore, even after
controlling for medications associated with CAD (statins,
beta-blockers), as well as other related health conditions
(hypertension, diabetes), CAD remained associated with
decreased functional independence (RR 2.203, 95% CI
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Fie.3. Graph of maintaining functional independence in patients with
a primary (de novo) versus secondary (from lower grade glioma [LGG])
glioblastoma resection. The median duration for maintaining functional
independence for patients with primary glioblastoma was 12 months,
whereas the 6-, 12-, and 18-month functional independence rates were
74%, 48%, and 35%, respectively. The median time for maintaining
functional independence for patients with secondary glioblastoma was
8 months, whereas the 6-, 12-, and 18-month functional independence
rates were 58%, 31%, and 12%, respectively. These groups were statis-
tically different (p < 0.0001).

0.992-4.445; p = 0.05). Based on neurosurgery and neu-
rooncology clinical notes, patients with CAD did not suf-
fer any cardiac problems after the perioperative period.
The presence of CAD also did not limit any therapeutic
intervention. Finally, to determine if there was an associ-
ation between extent of resection and postoperative motor
deficit, a Fisher exact analysis was performed. There was
no statistical association between extent of resection and
developing a postoperative motor deficit (p = 0.28).

Loss of Functional Independence and Tumor Recurrence

Three hundred and two patients (56%) lost their
functional independence at last follow-up. This loss of
functional independence corresponded with tumor recur-
rence in 256 patients (85%). Patients who experienced a
decrease in functional ability, as compared with those
who maintained their functional status, were more likely
to have tumor recurrence (p = 0.002). In multivariate pro-

TABLE 3: Multivariate associations with maintaining functional
independence (KPS score 2 60) for patients with glioblastoma

OR (95% Cl)

positive associations w/ profonged functional independence
preop KPS score 290 0.721 (0.581-0.898) 0.004
preop seizures 0.606 (0.431-0.832) 0.002

Variable p Value

primary glioblastoma 0.588 (0.467-0.742)  <0.0001
GTR 0.579 (0.467-0.718)  <0.0001
temozolomide chemotherapy ~ 0.622 (0.487-0.789)  <0.0001

negative associations w/ prolonged functional independence
older age 1.020 (1.012-1.028) <0.0001
CAD 2.898 (1.348-5.487) 0.009
new postop motor deficit 1.677 (1.133-2.400) 0.01
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portional hazards regression analysis, loss of functional
independence was independently associated with tumor
progression (RR 1.468, 95% CI 1.060-2.024; p = 0.01).
This association was independent of patient age at sur-
gery, preoperative KPS score, tumor size, extent of re-
section, Gliadel wafer therapy, and temozolomide chemo-
therapy.

Discussion

In this series of 544 patients with glioblastoma and a
preoperative KPS score = 80, 302 patients (56%) lost their
functional independence (KPS score < 60) at a median
duration of 10 months (IQR 6-16 months). The median
survival for patients in this study was 11.6 months (IQR
6.5-21.7 months). These data indicate that patients in this
study had a median percentage functional independence
duration after surgery of 65% (IQR 39-89%). Both pre-
operative and immediately postoperative functional sta-
tus was associated with prolonged survival; a patient’s
immediate postoperative functional status was most sig-
nificantly associated with survival. The factors that were
independently associated with prolonged functional inde-
pendence were: a preoperative KPS score = 90, preopera-
tive seizures, primary glioblastoma resection, GTR, and
temozolomide chemotherapy. The factors that were inde-
pendently associated with decreased functional indepen-
dence were: older age at the time of surgery, coexistent
CAD, and incurring a new postoperative motor deficit. A
decline in functional status was independently associated
with tumor recurrence.

Functional Outcomes for Patients With Glioblastoma

It is well known that patients harboring glioblastoma
have a poor survival prognosis./'>!7 Most of the current
clinical studies aim to optimize survival, even though
median survival has shown little improvement over the
past 10-15 years.*® This poor survival rate has led many
patients and clinicians to question whether aggressive
treatment is even warranted. Many patients, and even
clinicians, would argue that prolonged functional inde-
pendence is more important than prolonged survival
with functional impairment. This argument stresses the
need to understand the factors associated with functional
outcomes, because an understanding may not only risk-
stratify patients and guide clinical management, but also
supply useful information regarding patients’ functional
prognosis. In fact, the present study illustrates the impor-
tance that both preoperative and immediately postopera-
tive functional status have on prolonging survival for pa-
tients with glioblastoma.

Prior clinical studies on the ability of patients to
retain functional independence following glioblastoma
resection are few and limited 5834 Bussicre et al.® stud-
ied 143 patients with malignant gliomas, which included
glioblastoma, anaplastic astrocytomas, and anaplastic
oligodendrogliomas. These investigators found that func-
tional outcome in this heterogeneous population was re-
lated to age, preoperative KPS score, and patients who
received nonspecific multimodal treatments (surgery, ra-
diation, and chemotherapy).® Using a KPS-incorporated
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independent living score, Recht et al.¥’ also reported a
similar positive correlation between aggressive treatment
(surgery and adjuvant therapy) and functional outcomes
in 75 patients with WHO Grade III and IV intracranial
tumors. Furthermore, Taphoorn and colleagues* com-
pared the effect of radiotherapy alone versus radiotherapy
and temozolomide on QOL for patients with glioblastoma
in a multicenter clinical trial. They found no significant
QOL differences between the 2 cohorts, and concluded
that temozolomide significantly improved survival with-
out affecting functional outcomes.* Finally, Brown et al.¢
found that GTR was associated with an improved QOL
for patients with high-grade gliomas (WHO Grade 111
and IV). These studies were limited by relatively small
patient sample sizes, heterogeneous pathologies, and
analysis of only those variables previously shown to be
associated with survival (age, KPS score, temozolomide
chemotherapy, and extent of resection).5*¥# Therefore,
the effects of functional outcome over time, as well as the
factors associated with functional independence, remain
poorly understood.

Factors Associated With Prolonged Functional
Independence

Among patients who were clearly functionally in-
dependent (KPS score = 80), patients with a preopera-
tive KPS score of 100 or 90 maintained their functional
independence significantly longer than patients with a
preoperative KPS score of 80. Interestingly, preopera-
tive language deficit was not significantly associated with
maintaining functional independence (p = 0.27).242%28
This study therefore supports the notion that more func-
tional patients with glioblastoma not only have prolonged
survival, 252 but may also have prolonged functional
ability.

Patients with preoperative seizures had a 40% in-
crease in functional independence duration as compared
with patients who did not have seizures. The presence
of seizures is more common in low-grade gliomas,?’-*%
which has been attributed to their slow growth.* Seizures
have been associated with prolonged survival for patients
with malignant glioma in some studies,* but not others."
The presence of seizures may therefore indicate a slower
growing or less virulent glioblastoma, which allows these
patients with seizures to have prolonged functional inde-
pendence.

Patients who had primary (de novo) glioblastoma had
an approximate 4-month increase in the median function-
al independence duration as compared with patients with
secondary (prior lower grade glioma) glioblastoma. These
subtypes of glioblastoma constitute distinct disease enti-
ties that evolve through different genetic pathways and af-
fect patients at different ages.®2*% Previous studies have
found no association between primary versus secondary
glioblastoma and survival."® This present study supports
the notion that while patients with primary and second-
ary glioblastoma may not have different survival times,
they may have different long-term functional outcomes.

The effects of extensive resection on clinical out-
comes for patients with glioblastoma have been primarily
limited to survival studies. Recent studies have found that
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GTR of malignant gliomas is correlated with prolonged
survival.>2213! [n fact, some studies have shown that GTR
leads to an approximate 40% increase in median survival
as compared with STR.* Likewise, we found that GTR
results in an approximate 45% increase in prolonged func-
tional independence. However, this procedure should not
be performed at the cost of causing a new postoperative
deficit, which has been shown to be negatively associated
with prolonged functional independence in this study.
Temozolomide in this study was associated with an
approximate 40% increase (or approximately 6 months)
in prolonged functional independence duration. Stupp et
al.* found that the addition of temozolomide to concur-
rent radiation therapy resulted in a significant increase in
median survival time (from 12.1 to 14.6 months) in adult
patients with newly diagnosed malignant astrocytomas.
Other studies have found that the use of temozolomide in-
creases survival, without the cost of impacting QOL 34
Although it was difficult to ascertain all of the patients’
therapeutic regimens and courses, this study supports
the finding that temozolomide increases functional out-
comes. The effects of other types of chemotherapy were
not shown to be statistically significant in this analysis.

Factors Associated With Decreased Functional
Independence

Older patients were less likely to retain prolonged
functional independence in this study. In fact, patients
who were older than 50 at the time of surgery were 3
times more likely to lose functional independence as
compared with younger patients. This finding is not en-
tirely surprising given that older age has been associated
with poorer prognosis in terms of survival and tolerance
to treatment as compared with younger patients with glio-
blastoma.” This decreased ability to remain functionally
independent may be a result of an age-related decrease
in ability to withstand neurological insults caused by the
tumor, surgery, and/or adjuvant therapy.242528.2

Patients with a diagnosis of CAD were also approx-
imately 3 times less likely to maintain their functional
independence as compared with patients without CAD.
This loss of functional independence for patients with
CAD occurred over time; no patients were found to have
a myocardial infarct or known stroke. An association be-
tween CAD and survival for patients with glioblastoma
has not been previously documented. As with older age,
patients with CAD may have less tolerance to neurologi-
cal insults. The finding that CAD may predispose patients
to poorer outcomes indicates a need to make sure patients
are receiving optimal cardiac medications after surgery
for malignant astrocytomas, including beta-blockers, sta-
tins, and aspirin. However, this finding may also be just a
statistical correlation because patients with CAD did not
suffer any cardiac problems after the perioperative pe-
riod, and their comorbidity did not limit any therapeutic
intervention.

The development of a new postoperative motor defi-
cit has also been associated with decreased functional
independence in this study. Even though GTR of these
tumors has been associated with prolonged survival and
delayed recurrence,>2213! care should be taken to avoid
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causing new motor deficits to preserve one’s functional
status.>® Patients who develop new motor deficits have
also been demonstrated to have poorer survival in pre-
vious studies.”? Interestingly, the development of postop-
erative language deficits was associated with functional
independence in univariate but not multivariate analy-
sis. A possible explanation is that patients who develop
language deficits might not be as functionally limited as
patients with motor deficits. Their language deficits may
be minor (such as paraphasic errors) or may improve fol-
lowing the perioperative period. Nonetheless, because pa-
tients with new deficits may have a worse prognosis, the
use of adjunctive surgical modalities including surgical
navigation, motor mapping, and motor evoked potentials
to guide resection should be considered.

Tumor Recurrence and Functional Decline

In this study, functional decline was significantly as-
sociated with tumor progression. The exact mechanism
of this finding is unknown, but it appears intuitive that
lesions that recur will cause clinical decline. Therefore,
patients who functionally decline must be investigated for
fumor recurrence.

Study Strengths and Limitations

The overwhelming majority of clinical studies on
slioblastoma have focused on factors associated with sur-
vival and recurrence, which have changed minimally de-
spite advances in medical and surgical therapy.!!:1930.36:44.46
An understanding of these factors is important for several
reasons. First, QOL and the ability to resume activities
of daily living are important for patients with glioblas-
toma, and may be as important as prolonged survival in
rnany instances. Second, the effects of surgical therapy on
functional outcome for patients with glioblastoma remain
poorly understood. The ability to risk-stratify patients at
risk for poor outcomes may help guide clinical decision
making. Finally, developing strategies to prolong func-
tional independence may provide a better approach to im-
proving outcome for patients with glioblastoma.

This study, however, has some limitations. This study
was designed to evaluate functional outcomes based on
the well-accepted KPS score.?8 This index allows for
the retrospective classification of a patient’s functional
status at different time points, making it ideal for this
study.?>*® The use of questionnaires, on the other hand,
may be flawed by poor patient response, as well as be-
ing limited to a small study population because patients
with glioblastoma have poor survival times. Better data,
however, could be obtained by prospectively following
patients after glioblastoma resection, as well as using
scales that could be determined prospectively, including
the 36-Item Short Form Health Survey* and Functional
Independence Measure scores.?® These scoring systems
may also better reflect a patient’s perception of his or her
QOL. Second, this study follows patients who presented
with a KPS score = 80 and follows these patients until
they lose their functional independence (KPS score < 60).
Therefore, the results of these studies do not necessarily
apply to patients who present with lower functional abil-
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ity prior to surgery. Additionally, many of the patients in
this study received different types and courses of chemo-
therapy and radiation therapy, which limits the efficacy
of comparing different treatment regimens. Interestingly,
only 73% of the patients in this study received postopera-
tive radiation therapy. The remaining 27% of patients ap-
pear to not have received radiation therapy, but the chance
that some of these patients may have received radiation
therapy at another institution that was not documented
could not be excluded. Another potential limitation is the
identification of patients with secondary glioblastoma.
The identification of patients with secondary glioblastoma
does not necessarily fit the WHO classification scheme
because treatment effects may hinder accurate diagnoses.
These patients may actually have lower grade gliomas,
and thus better outcomes, but this was not the case in this
study. Lastly, this study is inherently limited by its retro-
spective design, and therefore it is not appropriate to infer
direct causal relationships. However, we tried to create
a uniform patient population by utilizing strict inclusion
criteria, therefore the results of this study may not apply
to all patients with glioblastoma. We included only func-
tional patients (KPS score = 80) who underwent primary
resection of their glioblastoma, and excluded variants that
may mask the effects of resection and functional outcome
including infratentorial tumors, repeat glioblastoma re-
sections, and patients undergoing biopsy procedures. In
addition, we used multivariate analyses to controtl for con-
founding variables for patients with glioblastoma. Given
these statistical controls and a relatively precise outcome
measure, we believe our findings offer useful insights into
the management of patients with glioblastoma. However,
prospective studies are needed to provide better data to
guide clinical decision making.

Conclusions

Survival for patients with glioblastoma remains dis-
mal. This poor survival places an emphasis on under-
standing the effects that surgery has on QOL and, more
specifically, functional independence for patients with
glioblastoma. An understanding of the functional out-
come over time and the factors associated with prolonged
functional independence may therefore provide insight
into developing effective treatment strategies aimed at
improving patients’ QOL.
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