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In Canada and the United States combined, approximately
19,500 new cases of primary brain tumours occur each year,1,2

accounting for 2% of newly diagnosed cases of cancer. Half of
these primary brain tumours are malignant or high grade
gliomas, the most common being glioblastoma multiforme
(GBM) 45-55%, anaplastic astrocytoma (AA) 30-35% and
anaplastic oligodendroglioma (AO) <5%. Recently, it was found

ABSTRACT: Background: We compared the functional status and survival time of patients with malignant gliomas. Methods: This
retrospective review included 143 patients diagnosed with malignant gliomas. Patients were grouped according to histopathological
diagnosis. To measure functional status, patients were assigned a Karnofksy performance status (KPS) score at the time of presentation
and at one, three, six, nine, 12 months and yearly intervals thereafter. Data were analyzed using descriptive methods as well as Kruskal-
Wallis tests, Chi-square tests, Log-Rank tests and Cox’s proportional hazards modeling. Results: Eighty-four patients were male. The
median age of patients was 63 years. One hundred and seven patients had a histopathological diagnosis of glioblastoma multiforme, 23
of anaplastic astrocytoma and 13 of anaplastic oligodendroglioma. Twenty-nine patients received aggressive multimodal treatment, 83
received intermediate treatment and the remaining 31 patients received conservative therapy. Significant treatment complications
occurred in 33% of patients including four post-operative deaths. The anaplastic oligodendroglioma group had lower mortality and
maintained better KPS scores over time, as did patients receiving full treatment. The most significant prognostic factors for functional
status included age, pretreatment KPS, and type of treatment received. The most significant factors associated with time until death
included age, severity of comorbidities, pretreatment KPS, presence of confusion, histopathological diagnosis and type of treatment
received. Conclusion: In patients with malignant gliomas, younger age, better functional status at presentation and aggressive
multimodal treatment were associated with improved longer-term functional status and survival. Confirmation of the effect of
multimodal treatment on patient functional status would require a randomised controlled clinical trial.

RÉSUMÉ: Indices du pronostic de l’état fonctionnel chez les patients atteints de cancer primitif du cerveau. Introduction: Nous avons comparé
l’état fonctionnel et la survie de patients atteints de gliomes malins. Méthodes: Cette revue rétrospective porte sur 143 patients porteurs d’un gliome
malin. Ils ont été classés selon le diagnostic anatomopathologique. Un score était attribué à chaque patient selon l’indice fonctionnel de Karnofksy (IFK)
à la consultation initiale et après 1, 3, 6, 9 et 12 mois de suivi et de façon annuelle par la suite. Les données ont été analysées au moyen de méthodes
descriptives ainsi que du test de Kruskal-Wallis, du test du chi-carré, du test du log-rank et du modèle à hasard proportionnel de Cox. Résultats: Quatre-
vingt-quatre patients étaient des hommes et l’âge médian des patients était de 63 ans. Selon l’examen anatomopathologique, cent sept patients avaient
un glioblastome multiforme, alors que chez 23 la tumeur était un astrocytome anaplasique et chez 13 un oligodendrogliome anaplasique. Vingt-neuf
patients ont reçu une polythérapie agressive, 83 ont reçu un traitement intermédiaire et les 31 autres patients ont reçu un traitement conservateur. 33%
des patients ont eu des complications importantes dues au traitement, dont quatre décès en période post-opératoire. Le groupe de patients atteints d’un
oligodendrogliome an aplasique, de même que les patients ayant reçu un traitement agressif, avaient une mortalité plus basse et ont maintenu de
meilleurs scores IFK pendant la période d’observation. Les facteurs qui prédisaient le mieux l’état fonctionnel étaient l’âge, l’IFK avant le traitement
et le type de traitement reçu. Les facteurs les plus importants associés à la survie étaient l’âge, la sévérité des cormobidités, l’IFK avant traitement, le
présence de confusion, le diagnostic anatomopathologique et le type de traitement reçu. Conclusion: Chez les patients atteints de gliomes malins, on
observe un meilleur état fonctionnel et une survie plus longue chez ceux qui sont plus jeunes, qui ont un meilleur état fonctionnel au moment du
diagnostic et qui reçoivent un traitement multimodal agressif. L’effet d’un traitement multimodal sur l’état fonctionnel des patients devra être confirmé
par un essai clinique contrôlé randomisé.

Can. J. Neurol. Sci. 2005; 32: 50-56

50 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

Indicators of Functional Status for
P r i m a ry Malignant Brain Tu m o u r P a t i e n t s
Miguel Bussière, Wilma Hopman, Andrew Day, Alicia Paris Pombo, 
Teresa Neves, Francisco Espinosa

From the Department of Clinical Neurological Sciences, London Health Sciences
Centre, University of Western Ontario (MB); Clinical Research Centre, Kingston
General Hospital (WH, AD); Department of Community Health and Epidemiology
(WH, APP, TN); Division of Neurosurgery, Department of Surgery (FE); Queen’s
University, Kingston, ON, Canada

RECEIVED NOVEMBER 6, 2000. ACCEPTEDINFINALFORM SEPTEMBER 1, 2004.
Reprint requests to: Wilma Hopman, Research Facilitator, Clinical Research Centre,
Angada 4, Kingston General Hospital, Kingston, ON, Canada K7L2V7

ORIGINALARTICLE

https://doi.org/10.1017/S0317167100016875 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100016875


LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Volume 32, No. 1 – February 2005 51

that the incidence of gliomas is rising in the elderly3-5 and that
these tumours are more likely to be malignant in the elderly. The
probability of malignancy is greater than 85% in patients over 60
years of age with an astrocytoma.5

Despite an aggressive multimodal approach to treatment of
patients with malignant brain tumours,6-9 the prognosis of these
patients remains poor. Approximately 12,000 patients in Canada
and the United States die of these tumours each year.1,2 Data
obtained from clinical trials show that the median survival of
patients with GBM is 0.9-1.2 years, AA is 2.8-4.2 years and AO
is 6.3-7.3 years.9,10 These survival times are likely overestimated
due to the selection bias associated with recruitment of patients
with better functional status into clinical trials. The median
survival of patients greater than 60 years old with poor
performance status at the time of presentation is approximately
three to four months.11-14 Several factors that favor longer
survival have been identified from the clinical trials data,
including age, tumor histopathology, patient functional status
and extent of surgical resection.13,15

Although much research has been dedicated to examining
effects of therapy on survival time of patients with malignant
gliomas, there have been relatively few studies examining
patient functional status. Collectively, however, these studies
have shown that the functional status of patients with malignant
gliomas is sustained or slightly improved after treatment.16-21

Functional status is maintained for 60-80% of the patient’s
lifespan followed by a period of rapid functional decline and
death usually within two to three months after the decline has
begun.16-21 These studies have examined the effect of one
treatment modality on functional status, including surg i c a l
resection, radiotherapy or chemotherapy. Since a multimodal
approach is currently used in the treatment of malignant gliomas,
we were interested in determining whether the type of treatment
received was a significant predictor of the functional status and
mortality of typical patients with malignant gliomas that may or
may not be represented in clinical trials. 

Four approaches were used to examine this question. First, we
described the sample and reported the percent of patients alive
and the percent functionally independent by histopathological
diagnosis from admission to follow-up at regular intervals. Next,
we examined the change in Karnofksy performance status (KPS)
scores in the first year of follow-up by diagnosis. Third, we
identified factors associated with survival with a functionally
independent status. Finally, we determined the factors associated
with survival time.

METHODS

All patients diagnosed with malignant gliomas at Kingston
General Hospital and Hotel Dieu Hospital between January 1,
1990 and June 30, 1999 were included in this retrospective
observational analysis. Diagnosis was based on pathology
reports and on radiographic appearance. Twenty-two patients
were diagnosed with GBM on the basis of radiographic findings
alone and were included in the study given the low risk (<4%) of
m i s d i a g n o s i s .2 2 Pathology reports were available for the
remainder of patients. Patients were excluded from the study if a
date of death was not available for those who had died, or if the
patients’ immediate family did not give consent. 

Data were obtained from patient charts at the Kingston
General Hospital, Hotel Dieu Hospital, and the Kingston
Regional Cancer Center, as well as from phone interviews. Data
included age, gender, symptoms at presentation, duration of
symptoms (weeks), delay in presentation, histological diagnosis,
location and size of tumour and KPS.23 Comorbid conditions
were identified, and the presence of and severity of the comorbid
conditions was collected into a single variable of ‘none’,
‘mild/moderate’ and ‘severe’. The KPS scores were assigned at
first presentation and at one, three, six, nine and 12 months and
yearly intervals thereafter up to four years. The KPS scores were
assigned on the basis of information obtained from admission
records, operative reports, clinic reports, daily charting and
discharge summaries. A KPS score of 0 indicates death, 70 or
above indicates a functionally independent status and 100
indicates the patient is fully functional with no deficit.23 The KPS
scale was used due to its simplicity, wide spread use, reliability
and validity.24,25

Treatment groups were defined as follows: patients in the
“conservative” treatment group received dexamethasone ±
biopsy and patients in the “full” treatment group received
dexamethasone, surgery, radiotherapy (>50 Gray) and adjuvant
chemotherapy, either PCV (procarbazine, lomustine, vincristine)
and/or tamoxifen. Patients in the “intermediate” treatment group
received treatment regimens that did not meet the criteria for
inclusion into either the conservative or full treatment groups as
described (greater than conservative but less than full treatment). 

Statistical analysis
Patients were initially described in terms of sociodemographic

characteristics and functional status at admission (pretreatment).
K r u s k a l - Wallis and Chi-square tests were used to compare the
baseline characteristics of the three histopathological groups. T h e
number of patients alive and the number functionally independent
(KPS ≥ 70) at each follow-up time were described. Between
group differences in median survival time and median time with
KPS ≥ 70 were examined using the Log-Rank test for equality of
groups. To assess median survival time, those still alive at the end
of the study or those lost to follow-up were censored at the end of
the study or at the time of their last known follow-up. Patients
with initial KPS scores below 70 were excluded from the analysis
of length of time with functional independence. To determine the
joint effect of potential prognostic factors, Cox’s proportional
hazards regression models were developed for both time until
KPS dropped below 70, and for time until death. The models
included variables for histopathological diagnosis and treatment
as well as any additional covariates that remained significant at
p≤0.1 in the combined model. Backwards selection was used to
identify significant covariates.

RESULTS

Of 151 patients initially identified with malignant gliomas,
eight were excluded due to an unavailable death date or inability
to reach the family for consent. The overall characteristics of the
patients are presented in Table 1. They ranged in age from eight
to 86 years old with a median of 63 years, and 58.7% were male.
One hundred and seven had a pathological diagnosis of GBM, 23
of AA and 13 of AO. An equal proportion of tumours were
located in each hemisphere. 
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Twenty-nine patients received full treatment, 83 intermediate
treatment and 31 conservative treatment. The majority of the
GBM and AA groups received intermediate treatment, while the
majority of the AO group received full treatment (p = 0.032).
Four patients died postoperatively. Significant treatment
complications occurred in 33% of patients, including infection,
increased or new focal neurological deficit, decreased level of
consciousness, seizure and deep venous thrombosis/pulmonary
embolism. There were significant differences in age and pretreat-
ment KPS scores between the three diagnostic groups (p < 0.01
for both). The gender distribution approached significance, with
men representing the majority of the GBM group and the
minority of the AO group. There were no significant differences
between the three groups in the severity of comorbidities, but
there were significant differences in the presenting symptoms,
most notably for headache, confusion/mental slowness and
seizures (p < 0.01 for all). The majority of the tumours were in
the temporal lobe (17.5%), parietal lobe (14.0%), parieto-
temporal lobe (12.6%) and the parieto-occipital lobe (8.4%). 

KPS and Mortality between Pretreatment and Follow-up
Table 2 describes the number of patients alive at each time

point by histopathological diagnosis, as well as those surviving
with a good functional status (KPS ≥ 70). One hundred and
eighteen patients died as a consequence of their malignancy
during the study period. Twenty were lost to follow-up or had
insufficient information to generate a KPS score. Fifty-six
patients had an initial KPS score below 70, while 87 survived for
a period of time with a KPS score equal to or above 70. Of the
latter, 10 were in the conservative, 53 in the intermediate and 24
in the full treatment group. Most of those receiving conservative
therapy had died by six months, with two surviving and one lost
to follow-up. Both the GBM and the AA groups showed high
mortality and large drops in KPS scores over time. Of the eight
patients surviving to four years of follow-up, five had a
histopathological diagnosis of AO, two of AA and one of GBM,
all of which had received intermediate or full treatment. Six of
these patients were functionally independent, three with AO, two
with AA and one with GBM.

Table 3 contains the changes in KPS over time by diagnosis.
Only changes over the first year are presented, as the sample size
becomes quite small beyond that time. Patients were assigned
KPS scores of 0 at the time of death, contributing to the large
mean declines over time as more patients died. Mean changes are

Table 1: Patient Characteristics Overall and by Histopathological Diagnosis

Diagnosis Total p value
Glioblastoma Anaplastic Anaplastic
Multiforme Astrocytoma Oligodendroglioma

Total Number 107 23 13 143

Patient Demographics:
Pretreatment KPS Median (Inter-Q range) 70 (60-80) 70 (60-85) 85 (75-95) 70 (60-80) 0.005*
Age Median (range) 67 (31-86) 59 (32-83) 44 (8-63) 63 (8-86) <0.001*
Gender Male 69 (64.5%) 9 (39.1%) 6 (46.2%) 84 (58.7%) 0.051
Duration of symptoms** Median (Inter-Q range) 4 (2-12) 6 (2-12) 3 (0.1-8.5) 4 (2-12) 0.503*

Comorbidities:
None 28 (26.2%) 7 (30.4%) 6 (46.2%) 41 (28.7%) 0.256
Mild/Moderate 38 (35.5%) 9 (39.2%) 6 (46.2%) 53 (37.1%)
Severe 41 (38.3%) 7 (30.4%) 1 (7.7%) 49 (34.3%)

Presenting Symptoms:
Headache 57 (53.3%) 9 (39.1%) 6 (46.2%) 72 (50.3%) 0.005
Confusion/Mental slowness 59 (55.1%) 7 (30.4%) 2 (15.4%) 68 (47.6%) 0.005
Hemiparesis 43 (40.2%) 10 (43.5%) 4 (30.8%) 57 (39.9%) 0.749
Slurred speech/Dysphasia 39 (36.4%) 6 (26.1%) 1 (7.7%) 46 (32.2%) 0.088
Memory loss 35 (32.7%) 4 (17.4%) 3 (23.1%) 42 (29.4%) 0.299
Seizure 16 (15.0%) 10 (43.5%) 4 (30.8%) 30 (21.0%) 0.006
Visual disturbance 20 (18.7%) 5 (21.7%) 1 (7.7%) 26 (18.2%) 0.555
Nausea/Vomiting 12 (11.2%) 4 (17.4%) 3 (23.1%) 19 (13.3%) 0.403

Treatment:
Conservative 25 (23.4%) 5 (21.7%) 1 (7.7%) 31 (21.7%) 0.032
Intermediate 63 (58.9%) 15 (65.2%) 5 (38.5%) 83 (58.0%)
Full 19 (17.8%) 3 (13.0%) 7 (53.8%) 29 (20.3%)

* Kruskall-Wallis p-value for comparing the three treatment groups.  All others are Pearson Chi-square p-values for comparing the three treatment
groups.  Inter-Q = inter-quartile range.  ** = weeks
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Table 2: Number and Percent of Patients Alive and Functionally Independent by Diagnosis over Time

Glioblastoma multiforme Anaplastic astrocytoma Anaplastic oligodendroglioma
(n=107) (n=23) (n=13)

Month K70 Alive* K70 Alive* K70 Alive*
Pre 61 (57.0%) 107 (100.0%) 14 (60.9%) 23 (100.0%) 12 (92.3%) 13 (100.0%)
1 39 (36.4%) 96 (90.6%) 12 (52.2%) 22 (95.7%) 9 (69.2%) 13 (100.0%)
3 33 (30.8%) 60 (58.3%) 8 (34.8%) 17 (73.9%) 10 (76.9%) 13 (100.0%)
6 24 (22.4%) 37 (37.4%) 6 (26.1%) 11 (50.0%) 8 (61.5%) 10 (90.9%)
9 15 (14.0%) 26 (26.5%) 6 (26.1%) 9 (40.9%) 8 (61.5%) 10 (90.9%)
12 9 (8.4%) 19 (19.4%) 5 (21.7%) 6 (27.3%) 7 (53.8%) 9 (81.8%)
24 5 (4.7%) 6 (6.2%) 3 (13.0%) 6 (27.3%) 6 (46.2%) 7 (70.0%)
36 2 (1.9%) 3 (3.1%) 2 (8.7%) 2 (10.5%) 5 (38.5%) 5 (55.6%)
48 1 (1.0%) 1 (1.0%) 2 (8.7%) 2 (10.5%) 3 (23.1%) 5 (55.6%)

*  Percentages for KPS ≥ 70 (K70) are based on the total for each diagnostic sample.  Percentages for those known to be alive have been adjusted for
those lost to follow-up.  As a result, the percentages for the same value may not be equal. 

Table 3: Change in Karnofsky Scores from Pretreatment to Follow-up in the First Year

Diagnosis Alive Mean Standard 95% CI
Change Deviation Lower Upper

One Month Glioblastoma multiforme 96 -11.34 18.62 -14.93 -7.75
Anaplastic astrocytoma 22 -6.52 17.15 -13.94 0.89
Anaplastic oligodendroglioma 13 -2.69 28.62 -19.99 14.60

Three Months Glioblastoma multiforme 60 -30.28 29.61 -36.07 -24.49
Anaplastic astrocytoma 17 -23.36 30.87 -37.05 -9.67
Anaplastic oligodendroglioma 13 0.00 29.51 -17.83 17.83

Six Months Glioblastoma multiforme 37 -41.34 30.88 -47.50 -35.19
Anaplastic astrocytoma 11 -38.22 36.67 -54.49 -21.97
Anaplastic oligodendroglioma 10 -4.09 38.39 -29.88 21.70

Nine Months Glioblastoma multiforme 26 -49.80 29.42 -55.71 -43.91
Anaplastic astrocytoma 9 -42.59 35.93 -58.52 -26.66
Anaplastic oligodendroglioma 10 -4.54 39.08 -30.80 21.71

Twelve Months Glioblastoma multiforme 19 -55.96 27.37 -61.45 -50.47
Anaplastic astrocytoma 6 -48.86 34.63 -64.22 -33.51
Anaplastic oligodendroglioma 9 -7.27 39.77 -33.99 19.45

Pretreatment scores were subtracted from each time point so that negative values equate to declines.   All but one of the between-group differences were
highly significant at p ≤ 0.005 (histological diagnosis at one month p = .222). CI = confidence intervals

Table 4: Overall Survival Times and Time with Functional Independence

Diagnosis N with a known event* Median Overall N with Baseline Median time 
Survival Time KPS 70 with KPS 70**

(95% CI) (95% CI)
Glioblastoma multiforme 94 (88%) 4.2 (3.2 - 7.0) 61 (57%) 1.8 (0.8 - 11.0)
Anaplastic astrocytoma 18 (78%) 5.8 (3.8 - 11.9) 14 (61%) 1.4 (1.0 - 11.0)
Anaplastic oligodendroglioma 6 (46%) 49.0 (15.0 - ∞) 12 (92%) 23.5 (12.0 - ∞)

Diagnosis differences significant Diagnosis differences 
at p<.0001 significant at p=.012

Significance testing done by the Log-Rank test; * Those still alive and those lost to follow-up are censored; **  For the subset of patients with initial
KPS ≥ 70. CI = confidence intervals
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presented, rather than median changes, as the median value
dropped to 0 very quickly for some groups. The glioblastoma
group showed the largest and fastest decline. The AO group
showed a small mean decline at one month, no change at three
months and small declines beyond that over time. 

Survival time and time with an independent functional
status

Table 4 contains the information regarding overall median
survival time. Median survival time was 4.2 months for the GBM
group, followed by the AA group at 5.8 months and the AO
group at 49.0 months. Figure 1 contains the Kaplan-Meier
survival curve for the three histopathological diagnosis groups
for the first two years following treatment. Although all the

available data were used in the analysis, only the first two years
are displayed in the figures. The survival curve clearly shows the
different survival rates for the three groups, and the Log Rank
test indicates that the difference is statistically significant (p =
.0001).  

Table 4 also contains the median length of time with a KPS ≥
70 following treatment. Length of time with functional
independence was the lowest for the GBM (1.8 months) and AA
groups (1.4 months) as compared to the AO group (23.5 months).
The Kaplan-Meier curve for functional independence is
contained in Figure 2, and clearly shows the different rates of
deterioration for the three groups, which is significant using the
Log Rank test (p = .006). It should be noted that only 87 of the
patients contributed to the analysis of time with functional

Table 5: Multivariable Model of Predictors for Time to KPS < 70 and Time to Death

Predictors for Time to KPS<70 Predictors for Time to death___________________________________________________________________________________
Variable P-value Hazard 95% Hazard Ratio P-value Hazard 95% Hazard Ratio 

Ratio Confidence Limits Ratio Confidence Limits
Age (per 10 years) <.0001 1.74 1.37 – 2.21 0.0091 1.26 1.06 – 1.50
Pretreatment KPS 0.0004 0.55 0.40 – 0.77 0.0437 0.87 0.76 – 1.00
Severity of comorbidities 0.0361 1.34 1.02 – 1.76
Confusion 0.0189 1.59 1.08 – 2.34
Anaplastic astrocytoma 

versus Glioblastoma multiforme 0.0920 0.54 0.27 – 1.11 0.0551 0.58 0.33 – 1.01
Anaplastic oligodendroglioma 

versus Glioblastoma multiforme 0.0851 0.48 0.21 – 1.11 0.0416 0.39 0.16 – 0.97
Conservative versus Intermediate 

Treatment 0.0045 3.24 1.44 – 7.28 <.0001 4.34 2.49 – 7.56
Full versus Intermediate Treatment 0.3917 0.78 0.45 – 1.37 0.0930 0.62 0.36 – 1.08

Global test of treatment modality difference after controlling for other significant covariates p=0.01 

Figure 1: Overall Survival by Histopathological Diagnosis Figure 2: Time Functionally Independent (Subgroup with Initial KPS
70, n = 87) by Histopathological Diagnosis
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independence, as inclusion required a pretreatment KPS score
≥ 70.

Table 5 shows the multivariable model of predictors of
survival with an independent functional status (KPS ≥ 70), and
predictors of overall survival time. Variables with hazard ratios
greater than one are associated with an increased risk, or
equivalently, a shorter time until loss of functional independence
or death. Histopathological diagnosis was included in the models
and age, gender, pretreatment KPS, delay in presentation, the
presenting symptoms listed in Table 1, tumour size, hemisphere,
single or multifocal, severity of comorbid conditions and
treatment received (conservative, intermediate or full) were
offered as candidates for adjustment.

For survival with an independent functional status, the most
significant predictors were age (older age was associated with
faster decline) and pretreatment KPS (higher KPS scores had
better outcomes). In terms of treatment groups, patients in the
conservative treatment group had the shortest time with KPS
> 70. There was a substantially higher risk in the conservative
group compared to the intermediate group (HR=3.2; p=0.005),
but the difference between the full treatment and intermediate
group was not as clear (HR=0.78; p=0.39). Histopathological
diagnosis was not a significant predictor for survival with an
independent functional status in our model.  

For survival time, age was again a very significant predictor,
with older patients surviving a shorter time. Severity of
comorbid conditions and the presence of confusion were both
associated with a shorter survival time. Better pretreatment KPS
scores were moderately associated with longer survival. Both the
AAand the AO groups had a longer survival time than the GBM
group (p=0.055 and p=0.042 respectively). Conservative
treatment remained strongly associated with shorter survival
time as compared to intermediate treatment (HR=4.3; p<0.0001),
but there was only moderate evidence of a survival advantage for
the full treatment compared to the intermediate treatment
(HR=0.62; p=0.09).

DISCUSSION

Numerous studies have shown that histopathological
diagnosis, age, functional status at presentation and aggressive
treatment,13,15 including gross surgical resection,19 high dose
r a d i o t h e r a p y2 6 and adjuvant chemotherapy,2 7 - 2 9 improve the
survival time of patients with malignant gliomas. The results
from this study suggest that these factors predict improved
patient functional status, in addition to survival. Independent
functional status and survival were highest for the full treatment
group, intermediate for patients receiving intermediate treatment
and the lowest for the conservative group. The association
between treatment and survival, and between treatment and
functional status, was independent of factors such as age,
pretreatment KPS and histological diagnosis. The difference
between treatment groups in terms of time of functional
independence remained statistically significant even after these
other factors were controlled for, as did the between-group
d i fferences in overall survival. Although the advantage of
intermediate treatment over conservative treatment remained
substantial even after controlling for significant prognostic
factors, the advantage of full treatment over intermediate

treatment was not as clear. These findings are consistent with
those of previous studies that have shown that the functional
status of patients with malignant gliomas is sustained or slightly
improved after treatment.16-21

There were several limitations to this study. Data were
collected and KPS scores were assigned retrospectively,
lessening the certainty of the primary endpoint of functional
independence (KPS ≥ 70). Despite this limitation, KPS was still
found to be a significant predictor of survival (Table 7), as has
been shown in numerous other studies.13,15 A second limitation of
this study is that the three tumour types, GBM, AA and AO were
grouped together for some of the analyses. It is well-known that
AO tumours are sensitive to chemotherapy, especially those
harbouring the chromosomal deletions 1p and 19q.30-32 Although
there were few patients with AO included in this study (13
patients), the more favourable prognosis of patients with this
tumour type may have biased the results in favour of an effect of
treatment on functional status and survival. Indeed, AO patients
survived and maintained functional independence longer than
patients with GBM or AA (Table 3-5). Causality cannot be
inferred from these data, as this study was observational in
design and a randomised controlled clinical trial would be
required to confirm these observations. Patients were not
randomly assigned to the treatment groups, but were assigned on
the basis of their pretreatment characteristics such as functional
status, age, tumour type and prognosis, and these data suggest
that the three treatment groups were already very different at
baseline.

In the last several years, temazolamide has largely replaced
PCV as adjuvant chemotherapy for the treatment of recurrent
malignant gliomas, with the exception of AO.33-35 Temozolamide
therapy is more easily tolerated and is associated with better
health-related quality of life assessments versus procarb-
azine.33,34 Temozolamide was not utilized at the time of this
study. Its use as adjuvant chemotherapy may have resulted in a
more significant association of treatment and functional status.

Several groups are developing more convenient methods of
assessing patient quality of life in patients with brain
tumours.36,37 The dimensions of quality of life include physical,
psychological, emotional, social, financial, spiritual and cultural
factors. The Karnofsky scale only estimates the physical/
functional status of patients. It has also been shown that KPS
scores > 90 are not sensitive to more subtle functional and
quality of life changes.36,38 More recent randomized clinical
t r i a l s3 3 , 3 4 are incorporating health-related quality of life
assessments as a primary or secondary end-point. 

This study suggests that aggressive multimodal treatment is a
significant predictor of longer time with functional indepen-
dence, as well as longer overall survival time. Confirmation of
this result would require examining the effect of multimodal
treatment on patient functional status in a randomised controlled
clinical trial. This study also demonstrates that it is possible to
systematically assess factors associated with these outcomes. It
is important to note, however, that despite multimodal aggressive
therapy, the improvement in survival and functional status
associated with treatment is measured in terms of months and
that a significant proportion of this time may be spent in hospital.
In making decisions regarding treatment, therefore, it is
particularly important to respect a patient’s values and wishes
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and to give thought to the patient’s potential life expectancy and
functional improvement. 
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